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CENCO CONSTANT TEMPERATURE OVENS 
beh Unequaled 


*& IN PERFORMANCE 


* IN VALUE 


*& IN APPEARANCE 








In industrial and educational laboratories everywhere Cenco-DeKhotinsky 
Constant Temperature Drying Ovens, Incubators, and Sterilizers are serving 
dependably night and day. Some have been in continuous operation for 
twenty years. Although priced economically, these are designed to give uni- 
form and constant temperature so necessary for accurate control. The latest 
model, the Cenco Cylindrical Oven, responds quickly to temperatures within 
a fraction of a degree from room temperature to 210° C. Outstanding safety 
features include non-glow heating elements placed on the chamber exterior 
and not in direct contact with oven atmosphere, and a double acting spring 
latch on the oven door for easy release. Price, for 115-230 volt AC, $85.00. 


A vacuum chamber attachment, made of seamless drawn steel, readily con- 
verts the oven into an efficient vacuum oven. Price, $45.00. 


Write for Details 


CENTRAL, SCIENTIFIC: COMPANY; 


TRASE PARK 

SCIENTIFIC (TNO LABORATORY 

INSTRUMENTS ' J APPARATUS 
Rec csr Off. 

New York © Boston * CHICAGO «© Toronto © San Francisco 
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Bakers Urge Al White # he 


3) 
Bread Be Enriched Individual Bakers 


Report Enriched Bread 
Sales up 50 to 100% 


National Sales of 
Enriched Bread 
Hit a New High 


aat’s WHY we SAY: 





Enriched Flour Sales are Bound to Skyrocket! 


ky 
ng F rom all sides the news pours in: haven't already enriched your white 
ue L-nriched White Bread sales are break- flour output do so at once. Then, put 
u- ing all records! And they are going to _ the full force of your advertising and 
st go still higher! selling effort to work featuring enrich- 
in ment—building more sales for you. 
ty There's no getting away from these | 
facts. They mean this to you millers WE CAN HELP YOU. As manufac- 
or of America—skyrocketing sales of en. ‘urers of vitamin B, and niacin used 
ig riched flour! in enriching flour (we also make ribo- 
flavin), we can tell you the best way 
So now is the time to get behind — to enrich, the new low costs and the 
ae enrichment 100°; and get your share many benefits to you. Write today. 








of this booming business. Its the 
chance of a lifetime to help boost both 
bread and baked flour food sales to a 
new and ever increasing all time high! 


HERE’S WHAT TO DO: 


First, if you 





Hoffmann-La Roche, Inc. 





Get the full selling power of this 
remarkable im- 
provement in the 
health value of 
flour working 
for you now. 











* At the outbreak of World 
War I, America was largely 
dependent on Europe for 
many of the tools of science— 
dyes, chemicals, and labora- 
tory glassware. 





IN 1915—ONE LINE 
Less than 150 Items 











In 1915, “Pyrex” brand Laboratory 
Glassware was announced. Less than 
150 items were listed but, through 
Corning Research, America was on its 
way to independence from foreign 
sources of supply. 





IN 1943—THREE LINES 





More than 2700 Items 











World War Il—and America’s lab- 
oratories are prepared! 
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PYREX ss4»o LAB 


CORNING GLASS WORKS «+ 


PRT TS Tn Ee 


RATORY WARE 
“PYREX” one “VYCOR” ore registered trade-marks ond indicate manviacture by 
CORNING, NEW YORK 










In the past quarter of a century, 
America’s chemists and scientists have 
contributed to our chemical independ- 
ence. And Corning Research in Glass 
has helped to make us independent in 
laboratory glassware. 

Today, in Catalog LP21, are listed 
more than 2700 laboratory glassware 
items. They provide laboratory tech- 
nicians with the equipment for more 
accurate, faster, and better work. The 
availability of a few specific items may 
be affected by the war effort, consult 
your laboratory supply dealer. 

Here are the tools to help speed the 
laboratories of America and its Allies 
on their way to Victory. Corning Re- 
search will continue to serve in peace as 
in war, and to contribute to higher 
standards of performance. 
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- WINTHROP 





—A NAME NOW 


DOUBLY-/MPORTANT 


IN THE ENRICHMENT FIELD! 


WINTHROP, a name which has been closely identified with the enrich- 
ment movement since its beginning, now distinguishes two products 
with equal advantages for the enrichment of cereal products. 





—tablets to be dissolved in water and added to 
sponge or dough—increase vitamin Bj, niacin and iron to recommended 
levels and assure that the baked product fully meets dietary label claims. 


| EXTRA | 
—a new free-flowing, flour-enrichment mixture— 


offers equally easy, accurate, economical enrichment, providing recom- 
mended increases of these three nutrients in the flour itself, with minimum 
increase in ash. In addition, because of its excellent flow characteristics, 


‘““VextraM”’ aids the sifting of flour—an important advantage. 
. e 


Both **B-E-T-S”’ and ‘‘VextraM”’ are stable, carefully standardized to 
deliver promised potency—well worthy of the name they bear. Stocks 
are ready at New York, Chicago, Denver, San Francisco, Dallas and 

















Atlanta for prompt delivery. 
“CRYSTALLINE B} WINTHROP” 
“CRYSTALLINE VITAMIN C” 
WINTHROP CALCIUM PANTOTHENATE 
“B-E-T-S” VITAMIN B2 
“VEXTRAM" VITAMIN Be 
ADDRESS INQUIRIES TO— NIACIN NIACINAMIDE 
Special Markets Division 


WINTHROP CHEMICAL COMPANY, INC., 170 VARICK STREET, NEW YORK, N. Y. 




















* Which has the yreater influence on 


loaf tharacteristics — 


ALPHA AMYLASE, the amet kh enzyme, or 
BETA AMYLASE, the saccharifying enzyme? 


Several papers presented at Omaha showed that 
Alpha Amylase has by far the greater influence. 


MALT FLOUR, then, should be added on the 
basis of its Alpha Amylase (liquefying) effect, 
rather than its Beta Amylase (saccharifying) effect. 


MALTOSE tests, then, give misleading informa- 
tion regarding the effect of Malt on loaf character- 
istics, especially where flours from different sources 
are tested. 


Malt flours, and malted flours, should be tested 
for Alpha Amylase, primarily. 


AN EFFICIENT, SHORT-CUT ALPHA AMYL- 
ASE TEST IS THE AMYLOGRAPH TEST 


It takes 3 minutes to 
prepare a sample and 
start the test. 


Then the AMYLO- 
GRAPH does the 


rest. 


After 40 minutes, stop 
the instrument and 
tear off the curve 
showing the Alpha 
Amylase effect (with- 
out any influence of 
the Beta Amylase 
effect). 


ASK FOR OUR NEW RENTAL PLAN 


BRABENDER CORPORATION 


Rochelle Park, N. J. 





























8 al 














Ever since the first of the pure vita- 
mins (ascorbic acid) was synthesized 
in 1934, the name Merck has been 
identified with leadership in the syn- 
thesis, development. and production 
of these vitally important substances. 
The growing list of Merck contribu- 
tions in this field emphasizes the out- 
standing role being played by Merck 
chemists and their collaborators in 


known and uniform potency. 


MERCK 
PURE 





A SYMBOL OF LEADERSHIP 


in the Pure Vitamin Field 


making available pure vitamins of 


RIBOFLAVIN 
Vitamin B: 


NIACIN (Nicotinic Acid) 


NIACINAMIDE 


\s the foremost manufacturer of 
pure vitamins. Merck & Co., Ine. 
offers the food processor an estab- 
lished and dependable source of these 
essential nutrients. 

Backed by. thorough experience. ex- 
tensive resources. modern and rapidly- 
expanding production facilities. Merck 
is well qualified to serve food proces- 
sors who are preparing to improve 
their products through the addition 
of pure vitamins. 


Our scientific staff and laboratories are prepared to serve you. 


THIAMINE HYDROCHLORIDE CALCIUM PANTOTHENATE 
Vitamin B, 


DEXTROROTATORY 
ASCORBIC ACID 
Vitamin C) 


VITAMIN Ky, 
2-Methyl-3-Phytyl-l, 
1- Naphthoquinone ) 


MENADIONE 





(Nicotinamide (2-Methyl-Naphthoquinone) 


Vitamin K Active) 


ALPHA-TOCOPHEROL 


Vitamin E) 
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PYRIDOXINE 
HYDROCHLORIDE 
Vitamin Bg Hydrochloride 


VITAMINS 


For Victory—Buy War Savings Bonds and Stamps 





Chemical Assay of } ittamin B; Analytical Test in Vitamin Procedure 








Isolation of a ¥ itamin 





& C Q . I ne, Ma mafacle YONG thems R A H WA Te LN. J . 


New York, N. Y.- Philadelphia, Pa. - St. Louis, Mo.- Elkton, Va. - Chicago, HL - Los Angeles, Cal. 
In Canada: MERCK & CO., Limited, Montreal and Toronto 































A, REPLACEMENT PARTS 


LiLo Kjeldahl Nitrogen Apparatus 


“Shipped Same Day Order Received” 


NO Check your apparatus and stock replace- 
ments that are used in emergencies. 





Element Have your element wires depreciated to a point where 
replacement would be an economy? Are your battery of 
Wires heaters radiating a uniform heat? 


Replacement element wires FOR ANY MAKE OF 
LABORATORY HEATER (maximum wattage 750) fur- 
nished in same quality as used on Goldfisch heater. A non- 
magnetic, iron free nickel chromium alloy containing 20 
per cent chromium gives highest efficiency for heating 
elements. 

Every element is tested for wattage, making it now 
possible to purchase elements in quantities with a variation 
not to exceed 2 per cent on constant voltage. The element 
is coiled and formed to fit your core plate. 


erst) ares bo ae se cee ee eace Each $1.00 
re a. dtr gaieae CA Mal Each  .90 
i a Oe cas Each .85 
DN . .. o ccwawidao modiemdeainn Each’ .75 


IN ORDERING PLEASE STATE MAKE OF HEATER 
AND GIVE VOLTAGE AND WATTAGE 


DESIRED. 
We are supplying our formed elements with tested wattage to the out- 
standing laboratories of the country and would be to serve you 


with uniform tested elements. EACH ELEMENT PACKED IN A 
SEPARATE CARTON. 


& 
Core Plate..... 5 aio ual bie he ick Ra oe Each $0.50 
Goldfisch Lots of 12 or more...... pats Ai ate ae Each’ .45 
Heater Heater Base. .... ae pea ce vc eae Each 1.50 
EE Oren Each 1.45 
Parts Heater Tops..... hacia ska areadra ss Seae ae Each 1.50 
Lots of 12 or more Seay oh bak saat oe Each 1.45 
i ER Cee ..Each_ .25 
Sr ree Each .2214 
s 
ictillati BLOCK TIN CONDENSER TUBES with 
Distillation a re a dias wie Each $1.00 
and PYREX GLASS CONDENSER TUBES with 
° P a a ey bok orem ES Each 1.25 
Digestion NOTE—These tubes are made to meet our specifications 
P rts for alignment and durability. 
a Individual Double Pole Electric Switches......Each .75 
Bauer Barff Front Plates for above............ Each .25 
Motor Brushes.................... ...Each .25 to .40 
Hose Connection (Blower to Ejector).......... Each’ .75 








Laboratory Construction Company, Inc. 
Manufacturers of 


Kjeldahl Nitrogen Apparatus and Associated Equipment 
1113-1115 Holmes Street Kansas City, Missouri, U.S. A. 
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ROSS AIKEN GORTNER 
1885-1942 


Cereal chemistry lost one of its most productive and distinguished 
votaries with the passing of Ross Aiken Gortner on September 30, 1942. 
Educated soundly in the fundamental sciences as an undergraduate, 
and subjected to rigorous training as a graduate student in physical 
and organic chemistry, Dr. Gortner became one of the pioneers who 
really created the science of biochemistry. His associations with the 
staff of the Station for Experimental Evolution during the five years 
following the completion of his graduate study served to introduce him 
to the biological sciences. Such colleagues as J. Arthur Harris, Blakes- 
lee, and Davenport effectively expanded the scope of Gortner’s scien- 
tific experiences to include the broad biological field. Moreover, this 
training was rigorous and intolerant of anything savoring of scientific 
inexactness. 

This was the background of education and experience that Dr. 
Gortner brought to bear upon his biochemical activities at the Uni- 
versity of Minnesota subsequent to 1916. In this environment it was 
inevitable that he should be confronted with problems in the cereal 
chemistry field which challenged his interest. The result was a series 
of studies Supervised or engaged in by him which attempted to apply 
fundamental chemical and physical principles to the interests and 
needs of the cereal chemist and the cereal industries. A series of papers 
appeared in various scientific journals detailing the results ‘of these 
scientific studies. In fact the first issue of Cereal Chemistry contained 
a paper from his laboratory, and the March issue of the same year 
carried his description of the determination of flour viscosity, which 
precipitated as much activity in this field as any contribution of the 
period. A list of Dr. Gortner’s publications pertaining to cereal 
chemistry was published in a supplement to the November, 1942, issue 
of this journal, which describes the presentation of the Osborne Medal 
to him. This bears testimony to the breadth of his interests and the 
significance of his contributions. 

As Chief of the Division of Agricultural Biochemistry for a quarter 
century, Dr. Gortner made the acquaintance of scores of scientists. 

l 
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Many of these he came to know through his participation in the work 
of numerous scientific organizations. Others came to the University 
of Minnesota to meet this productive scientist in his own laboratory 
and to discuss problems of mutual interest. Still others began their 
advanced training in his Division, and pursued their early researches 
under his direction. He participated in the two short courses for 
cereal chemists offered at the University of Minnesota in 1923 and 
1924, in the extension course conducted at the same institution at the 
request of the Northwest Section of the American Association of Cereal 
Chemists in 1929-30, and in the Minnesota Institute of Cereal Chem- 
istry in February, 1938. In fact, no event of that nature held in the 
State would have been quite complete without him. 

Many honors and distinctions came to Dr. Gortner in recent years, 
among them the conferring of the Thomas Burr Osborne Medal by this 
Association in May of this year. At that time his contributions to 
cereal chemistry and related fields were reviewed, and he was afforded 
an opportunity to present his philosophy of education and research. 
It was a timely presentation in these days of accelerated tempos of 
teaching and industrial investigations. For he emphasized and estab- 
lished from his experience and that of his students the soundness of 
programs based upon fundamentals, and necessitating adequate train- 
ing in the basic sciences. 

Dr. Gortner will be missed from many council halls and scientific 
groups. His interests were wide, and his contributions were corre- 
spondingly varied. Despite the distractions of these extensive tasks, 
he never lost the kindly and genuine personal interest which character- 
ized his relations to his colleagues and students, however. The recol- 
lection of this friendship, of the advice which he gave, and of the clear 
elucidation of his Views and findings will remain as a happy memory 
in the minds of many men and women who profited from knowing him. 


C. H. BAILEY 




















A COLLABORATIVE STUDY OF RIBOFLAVIN 
ASSAY METHODS ' 


Joun S. ANDREWS 


General Mills, Inc., Research Laboratories, Minneapolis, Minnesota 


(Read at the Annual Meeting, May 1942) 


The introduction of enriched flour and bread as commercial prod- 
ucts was accompanied by numerous problems, not the least of which 
was that of methodology. Laboratories concerned with production 
control and regulation were confronted with the necessity of deciding 
which assay methods could be advantageously and appropriately 
applied. This was not easy in view of the rather uncertain position 
occupied by many of the available methods for evaluation of the 
vitamin content of cereals. In recognition of this situation the Re- 
search Corporation, acting through Dr. R. R. Williams, has sponsored 
several committees for the purpose of collaboratively examining assay 
procedures. This report deals with the activities of the Riboflavin 
Assay Committee. 

This committee was organized on the occasion of the 1941 meeting 
of the American Chemical Society at St. Louis. It was comprised of 
nearly fifty individuals who had expressed interest in the problem 
and a desire to participate in its activities. Dr. F. E. Randall was 
appointed chairman, and he in turn selected six of the members to 
act as an advisory group on the selection of the collaborative methods. 
Each member of the advisory committee was furnished with two 
samples and requested to assay them by methods employed in his 
laboratory. One sample was a patent flour and the other the same 
flour containing added riboflavin. The collaborative method finally 
selected was to be chosen on the basis of performance with respect to 
these two flours. 

Before this preliminary study was completed, Dr. Randall, because 
of conditions entirely beyond his control, found it necessary to resign 
the chairmanship of the committee. At Dr. Williams’ request the 
writer agreed to take over this responsibility. The preliminary pro- 
gram was continued by assembling and examining the values reported 
by the advisory committee for the two flour samples. The assay 
methods employed were of two general types, fluorometric and micro- 
biological, several modifications of each being represented. Table I 
summarizes the microbiological data. 

Each of the methods presented employed the Snell and Strong 
(1939) procedure in that it used the Lactobacillus casei organism. 








1 Paper No. 45, Journal Series, General Mills, Inc., Research Laboratories. 
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TABLE | 


MICROBIOLOGICAL ASSAYS OF COLLABORATIVE SAMPLES EMPLOYED 
IN THE PRELIMINARY STUDY OF METHODS 


Riboflavin content 
| Recovery 





( ne Method of added 
— Patent Fortified riboflavin 
flour flour 
ME/E ME/8 ME/R 
A Scott, Randall, Hessel (1941) 0.50! 2.82 2.32 
Snell and Strong (1939) 0.40 0.90! 0.50! 
B Andrews, Boyd, Terry (1942) 0.40 3.00 2.60 
Modified Snell and Strong? 0.30 1.60! 1.30! 
* Andrews, Boyd, Terry (1942) - 2.90 — 
D Cheldelin and Williams’ 0.32 2.80 2.48 
E Andrews, Boyd, Terry (1942) 0.35 3.27 2.92 
\verage 0.35 2.96 2.61 


! Omitted from averages. 

? Personal communication, Dr. R. A. Sullivan. 

2 Personal communication, Dr. V. H. Cheldelin and Dr. R. R. Williams. 

Modifications introduced either different extraction techniques or dif- 
ferent culture media. Examination of the data demonstrates that 
with one exception there is fairly good agreement on the sample of 
patent flour. If the value of 0.50 submitted by collaborator A is 
omitted the average riboflavin content is 0.35 + 0.05 ug per gram. 
Thus most of the procedures might be considered acceptable. The 
values for the fortified flour are somewhat more erratic. Two are 
obviously out of line, suggesting inadequacies of the methods employed. 
If these are omitted the flavin content ranges between 2.80 and 3.27 ug 
per gram and averages 2.96. The difference between the averages 
for the two flours is 2.61 or 13% less than the 3 wg per gram which 
was actually added to the patent flour. 

On the basis of these results the entire collaborative group was 
asked to make their assays on autoclaved, aqueous extracts which 
had been digested with takadiastase and filtered. Except for this 
modification the method of Snell and Strong (1939) was recommended. 
In addition the collaborators were also asked to submit values obtained 
by any other microbiological procedure with which they had had 
experience. In this way it was hoped that data for all the available 
methods would be accumulated and thus afford a comparison with a 
single, mutually employed procedure. 


Three advisory collaborators submitted values obtained by fluoro- 
metric methods. Their results are summarized in Table II. 

The average values shown in Table II are in very good agreement 
with those obtained microbiologically. The very small differences 
can readily be attributed to experimental error since even duplicate 
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TABLE II 


FLUOROMETRIC ASSAYS OF COLLABORATIVE SAMPLES EMPLOYED 
IN THE PRELIMINARY STUDY OF METHODS 


Riboflavin content 





Collabo- Method a b 
— Patent Fortified | riboflavin 
flour flour | 
ug/g ug/g ele 
A Hodson-Norris (1939) 0.50 | 3.04 2.54 
B Conner-Straub (1941) 0.35 2.70 2.35 
i Combination of both 0.26 3.00 2.74 
Average 0.37 2.91 2.54 


assays by a single procedure will not usually show such concordance 
of results. This observation encouraged a belief that both micro- 
biological and fluorometric methods were capable of satisfactory appli- 
cation to cereal products. 

Selection of the preferred fluorometric method by the committee 
was not easy to make on the basis of the submitted data, since the 
differences between the results obtained by the three procedures were 
not regarded as significant. While the results reported by collaborator 
B for the patent flour agreed best with the average of all three col- 
laborators as well as the average microbiological value, the assays 
obtained for the fortified flour by A and C were closer to that calcu- 
lated from the amount of added riboflavin. If any of the methods’ 
possesses serious inherent weaknesses they are not detectable as far as 
the analyses of patent and riboflavin-fortified flours are concerned. 
Decision to recommend a combination procedure such as was em- 
ployed by collaborator C was based on independent observations 
made in the assay of bread. Avs will be seen later this material yields 
extracts which present added problems in the fluorometric assay. As 
much as possible of the nonflavin pigments must be removed to avoid 
erroneously high values. The combination method appeared to be 
most effective for accomplishing this objective. This involved acid 
extraction of the sample, digestion with takadiastase, decolorization 
with permanganate and hydrogen peroxide, and adsorption on “ flori- 
sil."’. The eluted riboflavin was determined by measuring the fluo- 
rescence before and after the addition of a known amount of riboflavin. 
The ‘“‘blank”’ was determined by reducing the flavin with hydrosulfite. 

The collaborators were asked to study this procedure and compare 
their results with those from the same procedure in which the per- 
manganate treatment was omitted. This was done for the purpose of 
establishing the behavior of the oxidation both as regards pigment 
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removal and possible destruction of riboflavin. In addition they were 
requested to submit values obtained by any other fluorometric method 
they might be regularly using. 

This represented a rather ambitious program, the complete fulfill- 
ment of which required considerable work on the part of the collabo- 
rators. The pressure of other activities together with interrupted 
schedules resulting from the war effort has prevented many from 
participating as they had originally planned. Twenty-three of the 
forty-eight collaborators found it impossible to make any contribu- 
tion, while many of the remaining group were able to submit only 
those results which they obtained from their regularly employed pro- 
cedures. Only a very few of the collaborators completed the collabo- 
rative program. For this reason this report is not as comprehensive 
a study of riboflavin methods as it was first hoped. It must be viewed 
not as the “‘last word”’ on the present status of methodology but rather 
as a preliminary effort. Many of the points brought out in the present 
study need further examination and cannot be unqualifiedly accepted 
without more complete confirmation. 

The collaborative assays were carried out on three samples: whole 
wheat flour, whole wheat bread, and dried yeast. Considering that 
the work was being carried out primarily for examining methods 
applicable to the enriched flour program some wonderment might be 
expressed at this selection of samples. It would at first glance seem 
more logical to choose the two samples employed by the advisory 
committee, together with white bread containing some form of added 
riboflavin. The fortified flour, however, presented complications. 
This was brought out in the preliminary study. Failure to obtain the 
theoretical result could be just as easily attributed to lack of uniform 
distribution of the added riboflavin as to errors in methods. In the 
case of the white bread this objection would be absent but another 
factor might militate against entirely trustworthy results. Riboflavin 
in white bread has been shown to be quite sensitive to decomposition 
by light (Andrews, Boyd, and Terry, 1942), and while this problem 
deserves consideration in any assay study it presented a complication 
which it seemed best to avoid in the initial program. Then too there 
appeared to be some advantage in comparing bread with the flour 
from which it was made. Knowledge of the riboflavin content of the 
bread ingredients could be applied to an evaluation of the bread assays. 
For these reasons whole wheat products were chosen. It was felt 
that if methods were satisfactory for these products they would be 

equally satisfactory for the other materials. The sample of dried 
yeast was included largely as a control. Other collaborative studies, 
particularly that carried out by the A.O.A.C. (Kemmerer, 1941), have 
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indicated that a variety of methods are adaptable to this type of 
sample. 

In considering the collaborative results each of the three samples 
is taken up separately. The fluorometric and microbiological methods 
are divided into two groups: those recommended by the committee 
and those employed independently by the collaborators. No attempt 
has been made to keep separate the results reported by the individual 
laboratories, all data being consolidated in these divisions. In a few 
instances some of the assays have been omitted entirely either because 
they were obviously in error or because the collaborator failed to 
identify sufficiently the method he employed. In other instances 
assay values have been omitted in the tabulation but have been con- 
sidered in the discussion. This was justified on the basis that their 
inclusion would be misleading about the applicability of the other 
procedures. 

The data reported for the sample of whole wheat flour are presented 
graphically in Figure 1. The histograms show the distribution of 
values, the open columns representing the microbiological, and the 
solid columns the fluorometric. No microbiological data are graph- 
ically included under ‘‘other methods”’ since only two assays fell in 
this group. 

Considering first the “‘committee’s methods,” a rather wide varia- 
tion is found in both the fluorometric and microbiological assays. 
Fluorometric values ranged from about 40% below to about 40% 
above the average, while those obtained microbiologically exhibited 
similar tendencies. There is, however, a better grouping of the micro- 
biological data, and if the two values at the extreme right are omitted 
as being erroneously high, the agreement between the various analysts 
can be considered as fairly satisfactory. Due to these two values, 
however, the standard deviation is rather large and amounts to nearly 
20% of the average value. Despite thts it is less than the standard 
deviation of the fluorometric values, which is 0.328. In view of the 
relatively small number of assays this difference cannot be regarded 
as significant, and mathematically speaking neither method can be 
said to be superior to the other. Taking these variations into account 
it is interesting to note the close agreement between the averages. 
As determined microbiologically the flour contains 1.14 ug per gram, 
while fluorometrically the value is 1.12 ug per gram. 

Fluorometric values shown under the heading of ‘‘ other methods” 
were reported by seven collaborators. The methods represented in- 
cluded those published by Hodson and Norris (1939) and Conner and 
Straub (1941), together with two revealed in correspondence with Dr. 
Frey of the Fleischmann Laboratories and Dr. Kishlar of the Ralston- 
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Purina Company. The average of these values, 1.10 ug per gram, is 
almost identical with that obtained by the ‘‘committee’’ method; but 
the agreement between laboratories is much better. It is believed 
that this observation cannot be used in judging the merits of the 
methods but rather expresses the greater skill and experience of the 
analysts concerned. The standard deviation for these “‘other”’ fluoro- 
metric methods is 0.074 and is significantly different from the value 
0.24 found by the committee procedure. 

The two microbiological values obtained by the ‘other methods”’ 
were 1.32 and 1.22 wg per gram. The average of 1.27 is somewhat 
higher than that obtained by the committee method. One of these 
values was obtained by using an acid extraction instead of the aqueous 
procedure suggested by the committee. The other compensated for 
nonflavin growth factors by incorporating photolyzed alkaline extract 
of bread in the culture medium. To what extent these methods repre- 
sent improvements over that described by the committee cannot be 
decided on the basis of available data. 

The results obtained from the sample of whole wheat bread are 
presented in Figure 2. Once again only two microbiological values 
were reported by the “other methods” and for this reason are not 
included in the histograms. 

Turning first to the assays obtained by the 
a rather wide variation in the results is again seen. The range of the 
fluorometric values is from about 30% below to 50% above the aver- 
age. The microbiological data vary only slightly less. Standard 
deviations are 0.543 and 0.361, respectively, but the difference is not 
significant for the small number of assays considered. There does, 
however, seem to be a tendency toward greater uniformity in the 
microbiological procedure since 70% of the values reported can be 
considered to fall within a reasonable experimental error. This is 
not true of the fluorometric results. 

The averages of the two types of methods are in quite good agree- 
ment. The fluorometric value of 1.70 ug per gram is only 6% higher 
than the 1.60 ug per gram found microbiologically. While, except for 
the flour, no actual analyses were made of the bread ingredients, some 
indication of the probable correctness of the bread assays can be cal- 
culated. Of the other ingredients used, only the yeast contributed 
riboflavin. Assuming that this yeast contained about 20 yg per gram, 
the 2% employed should increase the dried bread approximately 
0.4 wg per gram over the riboflavin content of the flour. This also 
assumes that no gain or loss of riboflavin occurred during the baking 
processes in accordance with the findings reported by Andrews, Boyd, 
and Terry (1942) and the Technical Committee of the Millers’ National 
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Federation.2. The actual increase found microbiologically amounts to 
0.46 we per gram and, fluorometrically, 0.58. On this basis the micro- 
biological values would appear to be more nearly correct. 

The fluorometric values obtained by the “‘other methods”’ for the 
sample of bread do not show the agreement exhibited in the case of 
the flour. A considerably greater spread as indicated by the standard 
deviation of 0.298 is observed. It is believed that this is due to the 
effect of bread pigments, which tend to introduce greater errors in the 
actual fluorometric readings. Unfortunately the collaborators’ reports 
in many instances failed either to record their fluorescence data or to 
carry out the two analyses which were requested. This has prevented 
an evaluation of the influence of pigments on the assay. The limited 
data available indicate that excessively high blanks must be eliminated 
before reliable results can be assured. This point needs further study. 

While statistical calculations show no significant difference between 
the ‘‘committee’’ and ‘‘other”’ fluorometric methods, it is obvious 
that the latter average is higher than that of the former. Two of the 
collaborators employed procedures which gave values nearly identical 
with the average found by the committee method. One of these was 
the Hodson and Norris (1939) procedure and the other that described 
by Dr. Kishlar.2 The average was substantially increased, however, 
by inclusion of values obtained by the method of Conner and Straub 
(1941). These assays appeared to be high, due to the inclusion of 
fluorescence impurities in the final value calculated as riboflavin. A 
further indication of the failure of this method to record accurate 
values for bread can be seen in the differences between the bread and 
the flour. Three collaborators reported an average difference of 1.14 
ug per gram, which is much above that supplied by the yeast. One 
other method was also reported but the results were omitted from 
consideration. This method gave a much lower value for the bread 
than it did for the flour. 

The two “‘other’’ microbiological methods. applied to the flour 
sample were also employed in the assay of the bread. Both gave 
essentially the same values, 2.02 and 2.10 wg per gram. The average, 
2.06, is somewhat higher than that obtained by the “other” fluoro- 
metric methods. If the averages obtained for bread and flour by 
these two procedures are compared, the bread is found to be nearly 
0.8 ug per gram higher. This is considerably more than the 0.4 which 
was calculated. 

The assays reported for the sample of dried yeast are represented 
in Figure 3. The values obtained by the ‘‘committee’s methods”’ for 





2 ‘“* Enriched Flour,” special series No. 14. Published by Wheat Flouf Institute, 309 West Jackson 
Blvd., Chicago. 
3 Personal communication. 
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this sample are seen to be much superior to those obtained for the 
cereals. This suggests that fewer difficulties attend its analysis. Both 
the fluorometric and microbiological procedures appear to be equally 
satisfactory since the averages are almost identical. The standard 
deviations, too, are very similar and represent no significant difference. 

Strangely enough the fluorometric values obtained by the “other”’ 
methods show less uniformity for the yeast than for the cereals. The 
assays vary plus and minus 35% from the average, an equal number 
falling on either side. The fact that the average of 57.8 is almost 
exactly the same as that found by the ‘“‘committee’s method” suggests 
that no major source of error is inherent. Discrepancies between 
laboratories must be attributed to variations in technique. One 
laboratory reported a very low value not only for the yeast but also 
for the cereals. The analyst attributed his results to destruction of 
riboflavin by the treatment with permanganate. This is not borne 
out, however, by the other collaborators since their values obtained 
with permanganate decolorization were in good agreement with those 
obtained microbiologically. 

Microbiological values obtained by the ‘‘other’’ methods show 
better uniformity than the corresponding fluorometric assays. While 
there is but little difference between the averages, 56.7 against 57.8 ug 
per gram, there is less scattering. The standard deviation of 4.90 is 
significantly different from that of 11.5 for the fluorometric methods. 
On the other hand there is no significant difference between the “‘com- 
mittee’’ and ‘‘other’’ methods, either microbiological or fluorometric. 

On the basis of these collaborative findings no clear-cut decisions 
can be made about the question of satisfactory riboflavin methodology. 
It appears that several methods are capable of yielding analogous 
results, and since some of these differ quite radically in principle it 
seems probable that the values are approximately correct. However, 
this conformity is not absolute proof of accuracy since several col- 
laborators reported essentially identical values by fluotometric and 
microbiological methods but did not agree with each other on the 
actual magnitude. For this reason more experience is necessary before 
one or more of the methods can be given the final stamp of approval. 
Meanwhile the individual analyst must decide, on the basis of the 
available information and his own experience, just which method is 
most satisfactorily adapted to his own problem. Unfortunately ribo- 
flavin assays of cereals are not as readily confirmed as those for thiamin, 
where reliable animal assays are available. While some information 
about biological values exists in the literature it is far from satisfactory 
in its unanimity and comprehensiveness. One of the present col- 
laborators attempted to apply a chick assay method to the preliminary 
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collaborative samples. He reported that the relatively low riboflavin 
content prevented any reliable evaluation either of the patent or 
riboflavin-fortified flour. 

A few additional points brought out in the collaborative study 
should be included in this report. In most instances they are observa- 
tions noted by one or more of the collaborators and are pertinent to a 
specific procedure. Thus, for example, two laboratories suggested 
that the use of permutit in the combined thiamin-riboflavin method 
of Conner and Straub (1941) resulted in a lowering of the riboflavin 
assays. Their data did not indicate whether this was due to adsorp- 
tion of the flavin on the zeolite or to improved clarification of the final 
extracts. 

Another observation dealt with the use of hydrosulfite. Here 
again several collaborators reported similar findings. Each noted 
that the addition of the recommended quantity of hydrosulfite was 
insufficient to reduce completely the fluorescence of the blanks in the 
nonpermanganate fluorometric procedure. Several times this quan- 
tity was required before successive additions produced a constant 
fluorescent reading. On the other hand, one collaborator indicated 
that when the permanganate oxidation was used the recommended 
quantity was entirely adequate. Since this amount of hydrosulfite 
is sufficient to reduce completely the riboflavin it is obvious that non- 
flavin, reducible impurities were present in relatively large amounts. 
Under such conditions it may be of advantage to use the Hodson and 
Norris (1939) technique of carrying out a preliminary hydrosulfite 
reduction before any fluorescence measurements are taken. , 

Commenting on this subject, two collaborators reported that so- 
dium hydrosulfite produced a yellow color in the presence of pyridine- 
acetic acid. This could not be prevented by redistillation of the 
pyridine. The belief was expressed that this color adsorbed some of 
the blue incident light, thereby adversely affecting the fluorometric 
readings of ‘the blanks. This would account for the lower blank 
values obtained when successive increments of hydrosulfite are added. 

One collaborator expressed the belief that methods employing 
pyridine should be avoided if possible, since the objectionable odor 
is a practical handicap to many laboratories. For this reason and 
also because the adsorption on florisil prolongs the time required for 


analysis, he prefers some other procedure. 

Two collaborators employed methods which depend solely on 
permanganate for decolorization and hydrosulfite for determining the 
blank. They reported assay values essentially in agreement with 
those yielded by the committee method, which combined the per- 
manganate and florisil treatments. This suggests that the use of 
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florisil may perhaps be eliminated for many types of cereal samples. 
Further study will be required, however, before such a procedure can 
be specifically recommended. 

One collaborator reported that the size of sample had a marked 
effect on the assay results. Smaller sample weights successively in- 
creased the riboflavin values until a maximum was reached. His 
data indicate that one-gram samples are more completely extracted 
than the five-gram quantities recommended by the committee. In 
the case of products which are relatively low in riboflavin, the use of 
florisil offers a convenient means for concentrating the eluates. Larger 





aliquots of the extracts can be passed through the florisil column, 
increasing the amount of adsorbed flavin. Elution with the usual 
amount of medium yields eluates having appreciably increased fluo- 
rescence. By this method as little as one gram of patent flour can be 
satisfactorily assayed. This collaborator found that such a sample 
gave a value of 0.45 wg per gram in contrast to 0.3 ug per gram ob- 
tained when 10 g of patent flour was used. The sample of whole 
wheat flour gave values of 0.8, 1.1, and 1.3 wg per gram for 10-, 5-, 
and 1i-gram samples, respectively. This observation may have an 
important bearing on the selection of riboflavin assay methods. 

That the effect of sample size is not confined to the fluorometric 
assay and is therefore probably an actual extraction problem was 
indicated by similar observations reported for the microbiological 
procedure. The same laboratory increased the riboflavin assays 10% 
to 20% by using 2'4-gram instead of 10-gram samples. Lower sample 
sizes were not studied since microbiological assays cannot be obtained 
without concentrating the extracts. 

Several collaborators reported values obtained by the original 
method of Snell and Strong. Their use of suspensions or untreated 
extracts yielded widely varying results. Values for the flour ranged 
between 1.1 and 4.3 wg per gram and for the bread, 2.0 to 8.0 ug per 
gram. The yeast assays on the other hand compared favorably with 





those obtained by other methods. The average of four assays was 
56 wg per gram. This is further confirmation that cereal products 
require special consideration. 

Two laboratories employed the method described by Scott, Ran- 
dall, and Hessel (1941). This procedure, which requires long digestion 
with relatively large amounts of takadiastase and assay of the result- 
ing homogenized suspension, gave erratic results. For one collabo- 
rator it yielded a difference of 0.16 ug per gram between the bread 
and the flour. For another the same difference amounted to 2.05 yg 
per gram. 
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Another collaborator recommended that slightly improved accu- 
racy can be achieved in the fluorometric method if the galvanometer 
is adjusted to zero with the solvent blank before readings are taken. 

Several laboratories raised the question of the relative merits of 
aqueous vs. acid extraction in the microbiological assay. Some opinion 
was expressed, but no evidence was presented, that the use of acid 
resulted in more complete removal of riboflavin from the cereals. 
This problem needs solution, but the answer is not easily determined. 
Complications arise from the changed composition of the assay me- 
dium and make it difficult to decide whether the increased growth of 
the organism is the result of higher concentrations of riboflavin or of the 
presence of nonflavin growth factors produced by the acid. This 
question requires further study.‘ 

Two collaborators reported that it might be desirable to add 
nicotinic acid or the amide to the culture tubes employed in the 
microbiological assay. Their data, however, are somewhat conflict- 
ing, since in one instance the reported improvement in the agreement 
between the different assay levels was in sharp contrast to the wide 
variance noted in the other. Nor were the average assay values re- 
ported for the flour and bread essentially different from those reported 
by the other collaborators. The merit of adding nicotinic acid or one 
of its biologically active derivatives cannot be adjudged from available 
evidence. 

The Collaborative Committee’s Methods 


A complete description of the recommended procedures, together 
with a detailed discussion of the reasons for their selection, is best 
afforded in the two communications addressed to the collaborators. 
For this reason they are reproduced below. 


To the members of the Research Corporation Collaborative Committee on Ribo- 
flavin Assay Methods for Cereals 

On October 14 the writer sent to each member of the Committee a communica- 
tion describing the program for the collaborative study of riboflavin methods for 
cereals and promising that definite procedures would be recommended within a few 
weeks. The present letter describes these procedures and discusses some of the 
factors which led to their selection. 

As indicated earlier it is not anticipated that these methods will represent the 
last word in methodology since ultimate perfection awaits the results of further 
research. Rather they should be viewed as attempts to utilize present information, 
particularly with respect to the adequacy of known methods for the riboflavin assay 
of cereals. Emphasis is placed on the cereal nature of the samples being examined 
since such products present problems which are not encountered in the assay of more 
concentrated materials. 

Selection of the methods herein described has taken into consideration the sev- 
eral methods already reported in the literature. The fluorometric procedure com- 
bines some of the principles employed by Hodson and Norris (J. Biol. Chem. 131: 


4A recent paper presented by F. M. Strong and L. E. Carpenter before the 1942 meeting of the 
American Chemical Society at Memphis recommends acid extraction followed by adjustment of the 
PH to 4.5, filtering and ether extraction. The latter step removes fat-soluble factors which influence 
growth of the test organism as noted by Bauernfeind, Sotier, and Boruff (1941). 
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621, 1939) and Conner and Straub (Ind. Eng. Chem., Anal. Ed. 13: 385, 1941), 
while the microbiological procedure is that of Snell and Strong (Ind. Eng. Chem., 
Anal. Ed. 11: 346, 1939) to which has been added a detailed description of the 
preparation of the extracts. 

It is hoped that each collaborator who can possibly do so will analyze the samples 
by both of these procedures. In addition it is requested that any other method 
familiar to the collaborator also be applied. Reports of the assay results should 
include a critical evaluation of the analyst’s observations together with any sugges- 
tions for improvements. Wherever possible such suggestions should be accompanied 
by evidence of their applicability. 

Decision to include the microbiological method in this collaborative study has 
been based on the relatively large number of laboratories which are employing this 
type of procedure. Preliminary reports indicate that more than half of the 48 
collaborators will carry out microbiological assays. For this reason it is important 
to examine this method collaboratively. 

While such products as yeast, dried milk, etc. can apparently be satisfactorily 
assayed by the Snell-Strong procedure, cereal products present a somewhat different 
picture. Nonflavin factors are present in sufficient concentration to influence the 
growth of the lactobacillus organism and adversely affect the assay results. Two 
general means of overcoming these factors have been suggested. One is a modifica- 
tion of the culture medium to compensate for these factors and the other is a treat- 
ment of the extracts to remove or inhibit their influence. 

Dr. Frey has kindly revealed a compensatory procedure which is being success- 
fully used in the Fleischmann Laboratories. This employs an alkaline photolyzed 
bread suspension which is added to the medium for both the unknown and reference 
standard. Another method which is being studied in several laboratories increases 
the concentration of sugar in the medium above that originally proposed. <A third 
method being examined in the writer’s laboratory involves the removal of flavin from 
a portion of the cereal extract by adsorption on fullers earth or “* florisil’’ and the 
addition of this extract to the riboflavin standards. 

Two procedures have been used for removing or inhibiting nonflavin factors. 
One of these, described by Bauernfeind, Sotier, and Boruff at the 1941 convention 
of the American Chemical Society, requires a preliminary solvent extraction for 
separating growth-stimulating fatty substances. The other reported by Andrews, 
Boyd and Terry at the Atlantic City Convention and by Scott, Randall and Hessel 
(J. Biol. Chem. 141; 325, 1941) digests the sample with takadiastase during extraction. 

The method being prese aa to the collaborators describes the use of the enzyme 
treatment. This selection has been made primarily because it is simple to use, gives 
results comparable with those obtained fluorometrically and has been used quite 
successfully in several different laboratories. Any collaborator who is employing 
some other modification is urged to compare it with this procedure. 

Extraction is carried out in an aqueous medium since water appears to be as 
effective as dilute acids for removing riboflavin from cereals when enzymatic degra- 
dation of the starch is employed. This avoids the necessity of subsequently neutral- 
izing the extracts and minimizes the possible effect of salts on the growth of the test 
organism. A rather extensive comparison of aqueous and acid extraction as applied 
to wheat flour and bread has shown that the use of water gives more uniform assay 
values. ‘Acid extraction occasionally leads to erratic results which are higher than 
those obtained either from aqueous extracts assayed microbiologically or acid ex- 
tracts measured fluorometrically. The fact that aqueous and acid extractions give 
practically identical results by the fluorometric procedure suggests that the acid may 
promote the formation of nonflavin factors which adversely affect the microbiological 
assay. 

Autoclaving is recommended since experiments demonstrate that no measurable 
loss of riboflavin occurs in the presence of cereals. Less drastic heating, however, 
may be equally efficient since a few experiments indicate that temperatures as low 
as 60°C in the presence of takadiastase give the sanfe assay values. It is not felt, 
however, that this observation has been sufficiently established to warrant recom- 
mendations at the present time. 

‘he time of treatment with takadiastase is kept to a minimum to avoid possible 
changes in riboflavin content which might result from the action of contaminating 
bacteria and excessive formation of sugar. The effectiveness of takadiastase appears 
to be related to its liquefying action on starch rather than its saccharifying action. 
The digestion period recommended is believed to be adequate. The quantity of 
takadiastase is rather small but is as efficient as larger amounts. All takadiastase 
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preparations apparently contain some riboflavin and where large quantities are used 
correction for this riboflavin content may become necessary. Hence, uncontrolled 
excesses should be avoided. 

It is important to note that clarification calls for filtration and not centrifugation. 
Filtered extracts consistently give more uniform assay values and are free from glob- 
ules of fat which, particularly in the case of bread, are frequently present in centri- 
fuged extracts. The use of filtration appears to offer a convenient means of avoiding 
fatty compounds which may interfere in the assay. 

The proposed method is as follows: 

A 5-gram sample of the whole wheat flour or bread is uniformly suspended in 
approximately 90 ml of distilled water using a 300 ml Erlenmeyer flask (see Note 1). 
This suspension is then autoclaved for 15 minutes at 15 lbs pressure. After cooling 
to about 50°C 1 ml of freshly prepared 6% takadiastase solution (see Note 2) is 
stirred in and the mixture allowed to stand for three-quarters of an hour. It is 
then transferred to a graduated cylinder and made up to 100 ml with distilled water 
Clarification is accomplished by filtering (see Note 3), the first 10 to 15 ml of filtrate 
being discarded. Aliquots of the filtrate are assayed by the method described by 
Snell and Strong (Ind. Eng. Chem., Anal. Ed. 11: 346-50, 1939) (see Note 4). 

All operations are carried out in a semidarkened room (drawn window shades) 
and the suspensions and solutions are kept covered with a black cloth except when 
being handled. 

Notes: 


1. Samples of flour tend to lump when mixed with water. Care should be taken 
to insure the absence of large lumps prior to autoclaving. 

2. The product manufactured by Parke, Davis and Co. has been found satis- 
factory in enzymatic activity and freedom from significant quantities of riboflavin 
in the amounts recommended. 

3. Whatman No. 1 or No. 40 filter paper retains no measurable amount of 
riboflavin. 

4. Growth of the organism should be measured by titration rather than de- 
termination of turbidity. The latter is influenced by cereal proteins which may 
precipitate during the fermentation. 


In reporting results the collaborators are requested to include all analytical data 
(i.e. quantities of extracts used, titration values, etc.) and a copy of the standard 
riboflavin curve. Since the present collaborative study is directed particularly to 
the methods for cereals, no specific recommendations are being presented for the 
sample of dried yeast. A.O.A.C. collaborative studies have demonstrated that 
microbiological and fluorometric methods give comparable results with this type of 
product. With respect to the former procedure, extracts can be prepared by auto- 
claving suspensions in water and using them directly or by autoclaving with 0.1N 
HCI followed by neutralization. The writer believes that clarity of the extracts 
may have some effect on the uniformity of assay results and for this reason suggests 
that filtration be employed. Also, acid extraction may possess an advantage since 
filtration yields clearer extracts than when water alone is used. 

The fluorometric method which is being recommended has been devised to mini- 
mize the adverse influence of cereal pigments, especially those present in bread as 
the result of caramelization and dextrinization during baking. The quantitative 
removal of these pigments by chemical means is difficult and uncertain and it has 
appeared undesirable to present a procedure which relies solely on such processes. 
Similarly, physical methods for separating riboflavin from other pigments cannot be 
regarded as entirely effective. A combination of physical (“florisil” or “‘ supersorb”’) 
and chemical (permanganate) methods such as are employed by Conner and Straub 
(1941) is the most effective which has come to the writer’s attention. For many 
products this procedure appears to be entirely satisfactory. 

For the assay of bread, however, there are indications that the removal of non- 
flavin pigments may be incomplete, thereby introducing appreciable errors into the 
analytical results. For this reason some modification is required at least for the 
bread sample which is being examined. 

The method introduced by Hodson and Norris (1939) depends less on the separa- 
tion of nonflavin pigments than on techniques designed to compensate for their 
influence on the fluorometric observations. By measuring the fluorescence of ex- 
tracts before and after the addition of a known amount of pure riboflavin, the fluo- 
rescence of the unknown flavin is evaluated under the actual conditions of assay. 
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Then by adding hydrosulfite to completely reduce the riboflavin the “blank” of the 
cereal extract is obtained. Preliminary treatment of the extract with hydrosulfite 
followed by oxidation with air is carried out to strengthen the assumption that 
nonflavin reducible substances do not produce erroneous “blank”’ values. 

While this procedure has proved quite satisfactory for a variety of materials, 
some samples, particularly bread, have been observed where obvious erratic errors 
are introduced. It has occurred to us that these errors might be modified by com- 
bining the purification method of Conner and Straub with the fluorescence-measure- 
ment procedure of Hodson and Norris. Unfortunately, however, the permanganate 
decolorization with hydrogen peroxide is not easily combined with the treatment 
with hydrosulfite and for this reason purification has been confined to adsorption on 
‘‘florisil.””. (This adsorbing agent is another name for the “supersorb”’ first described 
by Ferrebee in J. Clinical Investigations 19: 251-6, 1940. It can be obtained from 
the Floridin Company, Warren, Pa.) 

The use of such a method for the assay of bread has resulted in significantly 
lower values for the ‘‘ blanks” obtained by the Hodson-Norris procedure and greater 
uniformity in replicate analyses. Breads containing known amounts of riboflavin 
have yielded values which are in quite good agreement with the theoretical. For 
these reasons the collaborators are requested to follow the details presented below 
and to compare their results with those obtained by other fluorometric procedures 
which they are regularly using. 

Simplification of procedure has been attempted wherever it appeared possible. 
No standard riboflavin curve is required since the assay results are calculated directly 
from the fluorescence readings and solid hydrosulfite is used to avoid the inconveni- 
ence of preparing fresh, cold solutions. Careful control of the quantity of hydro- 
sulfite is unnecessary as long as the flavin is completely reduced (this is readily as- 
certained by observing the fluorescence change which occurs) and greatly excessive 
quantities are avoided. The latter is important since high salt concentrations may 
change the fluorescence properties of the “ blanks.” 

In order to serve as a check on the concentration of the collaborators’ solutions 
of pure riboflavin it was earlier planned to submit a solution of sodium fluoroscein to 
each member with the request that he or she report the fluorescence ratio between 
these two solutions. While fluorescein and riboflavin do not have identical fluo- 
rescence properties it was thought that the ratio between these two might afford a 
satisfactory comparison for evaluating the riboflavin standards. However, it is now 
known that filters, even when carrying the same identification marks and supplied 
by the same instrument maker, are not always sufficiently similar to justify such a 
procedure. Differences which give rise to 15° variations in the above ratios have 
already been observed. 

Accordingly, plans for this phase of the collaborative study have been dropped 
for the present. Each collaborator should use his own set of filters with the ex- 
pectation that small differences will not significantly influence the results. 

As in the microbiological method precautions should be taken to prevent undue 
exposure to light. Assays should be carried out in a semidarkened room and ex- 
tracts and eluates kept covered with a black cloth when not in actual use. Filter 
paper should be checked to demonstrate its freedom from significant adsorptive 
properties. This can be conveniently checked by comparing the. fluorescence of the 
standard riboflavin solution before and after filtration. The quantity of takadiastase 
used in the extraction has been reduced, for reasons presented above, to a minimum 
compatible with ease of filtration. Measurements of fluorescence should be carried 
out as rapidly as possible to avoid destruction of riboflavin. 

Details of the collaborative method are as follows: A 5-gram sample of the bread 
or whole wheat flour is autoclaved at 15 lbs pressure for 15 minutes with 50 ml of 
0.1.N sulfuric acid. After cooling to about 50°C, the suspension is quickly neutralized 
to a pH of approximately 6 with a 6.5% Na;PO,-12 H.O solution (this requires 
approximately 12 ml). One ml of freshly prepared 6% takadiastase solution is then 
added and allowed to stand for three-quarters of an hour in the dark. After making 
up to a total volume of 100 ml, the mixture is filtered, the first 10 to 15 ml of filtrate 
being discarded. 

A 20-ml aliquot of the filtrate is passed through a column (see Note 1) of florisil. 
After the 20-ml portion has completely passed through the column, the effluent is 
discarded and the column washed with 5 to 10 ml of hot distilled water. It is then 
dried by drawing air through the capillary end of the tube. The absorbed riboflavin 
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is then eluted with 15 ml of 20% pyridine in 2% acetic acid (see Note 2), the eluate 
being collected in a 25-ml glass-stoppered graduate. It is then made up to a total 
volume of 20 ml with the pyridine-acetic acid solution and thoroughly mixed. If 
cloudy, this must be filtered before making fluorometric measurements. 

A 14-ml aliquot of this eluate is pipetted into the cuvette of the fluorophotometer 
(see Note 3), and the fluorescence (A) determined. Prior to this measurement, the 
light intensity of the fluorophotometer is standardized by means of a solution of 
sodium fluorescein (see Note 4). The concentration of this fluorescein solution will 
depend upon the purity of the sodium salt. A consider: ible variation has been found 
in commercial products. Concentration should be such that its fluorescence will be 
approximately the same as that of a solution containing 0.2 ug/ml of pure riboflavin 
and will range somewhere between 0.025 and 0.1 yg/ml. Adjustment of the light 
intensity is made by means of the iris to give a galvanometer deflection of 25 divisions 
(see Note 5). Light filters are 351 for the fluorescent light and a 511-038 combina- 
tion for the incident light. 

Following the determination of the fluorescence of the eluate (A), 1 ml of solu- 
tion containing 1.5 ug (see Note 6) of pure riboflavin in 20% pyridine-2% acetic acid 
is added to the contents of the cuvette with stirring and the resultant fluorescence 
(B) determined. <A few crystals of solid sodium hydrosulfite (10 to 20 mg) are added 
and the solution stirred until the riboflavin color has been destroyed (or the hydro- 
sulfite dissolves). The fluorescence (C) is then recorded. 

The riboflavin content of the sample is calculated by means of the following 
equation: 


A — 1.07C x 0.1 X 100 ml 
B — .93A , _ * 


where the values 1.07 and .93 are dilution factors (see Note 6); A, B, and C are the 
galvanometer deflections in scale divisions; and 0.1, the concentration of the added 
riboflavin per ml. 

Notes: 


1. The tubes containing this florisil have an inside diameter of 6 mm, fitted at 
the lower end with a capillary which, when the column contains approximately | 
gram of florisil, gives a rate of flow through the column of about 1 ml per minute. 
The top of the tube is belled to contain 15 to 20 ml of solution. The height of the 
actual florisil layer is approximately 2% inc hes. 

2. Mallinckrodt’s “Analytical Re: soot’ ’ quality pyridine has been found to 
be satisfactory without further purification. However, each collaborator should 
check his pyridine for fluorescence and if it is appreciable should purify by distillation. 

This quantity is recommended where the Pfaltz and Bauer instrument is 
employed. Other instruments may require other quantities depending upon the 
capacity of the cuvette. 

4, Sodium fluorescein solution, because of its greater light stability is preferred 
to riboflavin solutions for standardizing the light intensity. 

5. Once again, this is based on the Pfaltz and Bauer instrument. 

6. Where cuvette capacities require other than 14 ml of the eluate this con- 
centration should be adjusted to add an amount of riboflavin equivalent to 0.1 yg 
per ml of total solution. Similar volume corrections will be required in the “ dilution 
factors”’ used for calculating the final results (15/14 = 1.07, 14/15 = 0.93). 


Details of the methods described should be carefully followed to insure that the 
collaborators’ assays will be comparable from the standpoint of methodology. Re- 
sults of replicate analyses should be reported individually and include all fluorometric 
readings. Data derived from other methods are also requested in order to permit a 
comparison of the various procedures. 

Several collaborators have raised questions about the condition of the samples 
which they earlier received, expressing fears that storage may have changed the con- 
tent of riboflavin. If the samples have been stored under the conditions recom- 
mended in Dr. Frey’s letter of August 22 there should be no concern on this score. 
Unless unduly exposed to light or excessive moisture to produce mold the samples 
should be entirely satisfactory. Reserve supplies are available, however, and can 
be sent to any member who believes his present samples are unsatisfactory. 

Sincerely yours, 
Joun S. ANDREWS 
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To the Members of the Research Corporation Collaborative Committee on the 

Riboflavin Assay Methods for Cereals 

On December 1 the writer sent you a description of the two procedures recom- 
mended for the collaborative study of riboflavin assays. In discussing the fluoro- 
metric method bread was indicated as offering difficulties due to the presence of 
excessive amounts of foreign pigments. The use of florisil as a means of partially 
separating these pigments was described. It was pointed out that the treatment 
with permanganate followed by hydrogen peroxide, while not entirely effective, gave 
the best removal of interfering substances but that its use was not easily combined 
with the subsequent measurements of fluorescence. 

At the time the procedure was being studied experiments were carried out by 
applying the permanganate oxidation prior to the adsorption on florisil. The re- 
sults did not appear to be very promising since low and erratic assay values were. 
obtained. We now recognize that this difficulty arose from our failure to properly 
consider hydrogen ion concentrations. 

Further study has indicated that when this is done the technique shows suffi- 
cient promise to justify your consideration in the collaborative program. ‘‘ Blank”’ 
values, while still higher than those of the reagents, are appreciably lower than those 
obtained by the recommended procedure, and for this reason errors can be reduced 
to a minimum in “low potency” breads where foreign-pigment concentration is 
high in proportion to riboflavin. While the bread sample which was sent to you is 
not of the “low potency” type (relatively speaking) and for this reason not so sub- 
ject to errors, I believe you will want to try the procedure which appears to be more 
generally applicable. Accordingly I am describing it below. 

\ 5- to 10-g sample of bread is suspended in 50 ml of 0.1.V sulfuric acid and auto- 
claved for 15 minutes at 15 lbs of pressure. While still hot 12 ml of 6.59 NasPO, 
-12 H2O is added and when the temperature reaches about 50°C. 1 ml of 6% taka- 
diastase is stirred in. After standing about three quarters of an hour the suspension 
is made up to 100 ml and filtered, the first 10-15 ml of filtrate being discarded. Toa 
25-ml aliquot of the filtrate is added 0.5 ml of glacial acetic acid and 1 ml of 4% 
potassium permanganate solution. .\fter one minute 2 ml of 3% hydrogen peroxide 
is added to decolorize the excess permanganate. The total solution (28.5 ml) is 
passed through the column of florisil and after washing and drying the riboflavin is 
eluted with about 20 ml of 20% pyridine in 2% acetic acid. The eluate is made up 
to 25 ml with the pyridine-acetic acid and a 14-ml aliquot is taken for the fluorescence 
examination previously described. 

Since this procedure uses the same filtered extract as that described on page 10 
of my letter of December 1 and differs only in the introduction of the oxidation 
treatment prior to adsorption on the florisil, both methods can be applied to the 
same solution. In order to demonstrate the influence of different amounts of foreign 
pigments on the final assay I am requesting each collaborator to carry out both 
procedures. I believe that such a comparison will be quite instructive and add 
considerably to the value of the collaborative study. 

Sincerely yours, 
Joun S. ANDREWS 


Summary 


Microbiological and fluorometric methods for the assay of ribo- 
flavin have been collaboratively studied. As applied to whole wheat 
flour, whole wheat bread and dried yeast, each of these two types of 
methods gave comparable assays. Various modifications of the micro- 
biological procedure yielded average values of 1.15, 1.65 and 58.4 ug 
per gram for the air-dried samples of flour, bread and yeast, respec- 
tively. Several types of fluorometric procedures gave the following 
corresponding averages: 1.11, 1.81 and 57.6 wg per gram. The major 
discrepancy appeared in the case of the bread sample where incomplete 
removal of pigments is believed to interfere in certain of the fluoro- 


metric assays. 
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Despite the general agreement between the microbiological and 
fluorometric methods there is a wide range between the values reported 
by the individual analysts. All the methods studied showed this 
tendency, thereby adding to the difficulty of selecting the one best 
adapted to the assay of cereals. In general the microbiological pro- 
cedure gave somewhat better uniformity of results but fluorometric 
methods showed sufficient promise to justify equal consideration. A 
greater variety of procedures is offered by the fluorometric method, 
- thereby extending the scope of investigations essential to its evaluation. 

The collaborative study has brought out numerous factors which 
influence the assay results. Particularly in the fluorometric procedure 
several experimental details, prerequisite to satisfactory performance, 
have been revealed. These factors are discussed in the light of the 
collaborators’ comments. 
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In an earlier paper (Newton and Naylor, 1939), the preparation of 
beta-amylase concentrates from soybeans was described. Concen- 
trates so prepared have been utilized in studies of the comparative 
rates of amylase action on starches (Martin and Newton, 1938), in 
the preparation of the products of the digestion of starch by beta- 
amylase (Martin, 1938; Martin, Naylor, and Hixon, 1939), to follow 
the modification of starch (Newton, Farley, and Naylor, 1939), and 
in studies on the fractionation of starch (Caldwell, 1941). These 
applications of the soybean amylase preparation demonstrate the uses 
of the crude beta-amylase concentrates and indicate the value of 
further purification. This paper reports studies on further purifica- 
tion and the properties of the highly concentrated preparations. 


Preparation of Crude Beta-Amylase Concentrates 


The method of Newton and Naylor (1939), with slight modifica- 
tions, was utilized. The method involves the precipitation of amylase 
concentrates from water extracts with alcohol. Petroleum ether 
(bp 68°-70°C) was substituted for diethyl ether in extraction of the 
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oil from the ground beans. Table I presents the results of several 
typical preparations. Three general statements apply to these amyl- 
ase concentrates: (1) With increased alcohol concentration the yield 
of precipitate increased. (2) The saccharogenic power of the amylase 
concentrates usually varied inversely with the vield of the precipitate. 
(3) Those concentrates precipitated in greater yields and at higher 
alcohol concentrations were more soluble in water than the concen 
trates obtained in lower vields and at lower alcohol concentration. 


TABLE I 
YIELD FiGURES FOR TWELVE CRUDE AMYLASE PREPARATIONS 


— Nas wes Alcoholic ' 
I —" oy d Concentrate concentra -— % \mylase Vield 
74 wand obtained ea power units? 
g g of// c 
1 500 0.72 65 745 536 5.4 
2 220 1.05 65 990 1040 23.6 
3 480 2.45 70 1000 2450 24.5 
4 500 2:28 70 1209. 2750 27.5 
5 500 2.80 70 653 1700 17.0 
6 500 3.91 70 512 2000 20.0 
7 500 12.45 70 219 2730 27.3 
8 600 y Be 70 1072 — 
9 600 4.24 70 528 
10 600 3.74 70 455 
11 600 4.25 70 399 
12 600 1.20 68 753 


! Saccharogenic power is defined as the milligrams of maltose produced per milligram of amylase 
concentrate under the conditions specified for the determination of beta-amylase activity (Newton 
and Naylor, 1939), 

? Amylase units are obtained by multiplying the saccharogenic power of the concentrate by the 
yield in grams. 

* The saccharogenic power of the extracted beans was 20. 

(g extracted bean used) (20) (100) 


Yield in percent = —-—— . —r — ; 
(g concentrate obtained) (saccharogenic power of con¢entrate 


Further Purification of Crude Beta-Amylase Concentrates 


Little or no success was obtained in attempts to further purify the 
crude beta-amylase concentrates when alcohol was used as the pre- 
cipitating agent. Dilute alcohol at room temperature and _ higher 
alcohol concentrations at lower temperatures caused a marked de- 
crease in the activity of the amylase concentrates. This observation 
is in agreement with the quantitative measurement of the effect of 
alcohol and temperature on the amylase of wheat as described by 
Blish, Sandstedt, and Mecham (1937). By the substitution of acetone 
for alcohol and by using as low temperature as convenient, consider- 
able purification was obtained. Even then the recovery of the active 
enzyme and the degree of purification were not as great as desired. 
Improvement in the concentration procedure was observed when the 
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drying of concentrates was eliminated until the purification was com- 
plete. Purification was further increased by the incorporation of 
electrodialysis into the procedure (for description of electrodialyzer 
see Hixon and Martin, 1939). This process removed considerable 
quantities of organic impurities as well as inorganic salts. 

Therefore, in attempts to purify crude beta-amylase concentrates 
further, acetone was substituted for ethyl alcohol, temperatures were 
maintained at as low a level as possible, precipitates were not dried 
until purification was complete, and electrodialysis was used to remove 
organic impurities and inorganic salts. The flow sheet for a typical 
preparation is given in Table II. The yields of beta-amylase by the 


TABLE II 


FLOW SHEET FOR THE PREPARATION OF BETA-AMYLASE CONCENTRATES 
FROM SOYBEANS 


Moist crude beta-amylase concentrate from 1000 ¢ 
hexane extracted soybeans (saccharogenic activity 
of beans = 23.1). Extracted with three 80-ml 


portions of water 


Amylase solution (250 ml) 
electrodialyzed 1.8 hours 


Amylase solution. 
Acetone to 50% at —5°C 


Acetone to 60% at —5°C 
gave Ppt. III 


Acetone to 75% at —5°C 


Residue I 


Ppt. Il 


Precipitate separated by centrifu- 


-+ gation but not dried. 


Extracted six times with 20-ml por- 
tions 40% acetone. Residue VI. 


Solution evaporated to 20.5 ml at 





gave Ppt. IV 25°C. Acetone to 50% at —5°C 
gave Ppt. VII. 

Solution evaporated to Acetone to 60% at —5°C gave 

dryness. Residue V Ppt. VIII. 


Acetone to 80% at —5°C gave 
Ppt. IX. 


Solution evaporated to dryness. 
Residue X. 
concentration procedure given in Table II are presented in Table IIT. 
As in Table I, the yield of enzyme is based on the amylase units 
recovered in the various fractions and these results are shown in the 
last column of Table III. 

In the particular experiment for which the data are presented in 
Table III the total yield of amylase was 10.7%. This was somewhat 
lower than the percentage yields given in Table I for a series of crude 
soybean amylase concentrates. The lower yield in the experiment 
presented in Table II and Table III was due to several causes, the 
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exact contribution of each cause being undeterminable. Some of the 
contributing causes were mechanical loss in the manipulation of small 
quantities of the highly active concentrates; loss due to slight inacti- 
vation during electrodialysis, fractional solution, and fractional pre- 
cipitation; inactivation by the organic solvents; and the spontaneous 
inactivation of the amylase solutions which occurred during the long 
concentration procedure. 


TABLE III 


ToTtaL YIELD OF BETA-AMYLASE CONCENTRATES BY THE PROCEDURE 
GIVEN IN TABLE II 


Precipitate Yield in Saccharogenic Amylase 








number grams activity units 
I 0.4205 0 0 
Il . 0.7580 0 0 
Ill 0.1883 — — 
IV 7.3390 232 1702.9 
V 3.3065 0 0 
VI 0.2021 251 50.7 
VII 0.1066 2260 240.9 
VIII 0.0661 4580 302.7 
IX 0.0815 2155 175.6 
X 0.0837 0 0 
Total yield in amylase units. . Pe Pe . 2472.8 
Amylase units in 1000 grams extracted beans .. 23,100 
Yield of amylase (as ©) : ; 10.7 


From Table III it is evident that a large portion of the total amyl- 
ase recovered remains in precipitate IV which has an activity of 
only 232. An attempt was therefore made to concentrate this material 
further and to follow the yields of the enzyme. Different procedures 
based on fractional solution and fractional precipitation with acetone- 
water mixtures were employed. The best results were obtained by 
dissolving one gram of precipitate IV (Table III) in 30 ml of 50% 
acetone at room temperature. Complete solution required several 
minutes of continuous stirring. Upon cooling in an ice bath a small 
amount of solid material precipitated. This was collected by centrifu- 
gation, dried and preserved as precipitate A. The acetone concentra- 
tion of the solution at 0°C was raised to 53.5% to give precipitate B, 
to 65.5% to give precipitate C, and to 75% to give precipitate D. 
The centrifugate from D was then evaporated at room temperature 
to give residue E. The recovery of solids and the activities of the 
various fractions are presented in Table IV. These data show a 
5.5- and 10-fold concentration of the beta-amylase in precipitates A 
and B, respectively, with a 68% recovery of the total amylase. 

The recovery of amylase by this method was larger than shown by 
other data in the literature. For example Sherman and Neun (1919) 
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in studies on the purification of amylase were able to recover 13.5, 
19.76, 24.83, 24.95, and 27.81% of the amylase in five separate experi- 
ments. This compares with 60.8, 63.2, and 68.0% in three experi- 
ments with soybean beta-amylase concentrates. 


TABLE IV 


Propucts OBTAINED FROM THE PURIFICATION OF ONE GRAM OF AN AMYLASE 
CONCENTRATE WITH SACCHAROGENIC \CTIVITY OF 232 








Precipitate Recovery Saccharogenic \mylase 
number of solids activity units 
g 

A 0.0184 1248 25.0 
B 0.0383 2310 88.5 
8 0.2987 148 44,2 

D 0.2635 0 

E 0.2188 0 
Totals .... 0.8377 157.7 
Amylase units in original starting material 232.0 
Recovery (%).. ....83.8 68.0 


Deterioration and Inactivation of Soybean Beta-Amylase 


Several dry beta-amylase concentrates were combined to give 16 g 
of material. The concentrate was stored in small screw-top vials 
containing about 2 g of the enzyme concentrate in each. At the time 
of combination the saccharogenic activity was 586, after five months 
it was 600, and after two years’ storage it remained at 600. This 
demonstrates the stability of the dry concentrate when stored in the 
ordinary refrigerator. 

Even at higher temperatures the enzyme is quite stable. Heating 
the ground soybeans for 10 days at 100°C did not completely inactivate 
the amylase. On the other hand, soybeans roasted commercially for 
sale as a confection contained no traces of an active amylase. In 
another experiment a portion of the soybean amylase concentrate was 
heated at 200°C for 30 minutes. This treatment completely destroyed 
the amylase. Thus the amylase is destroyed by dry heat at higher 
temperatures. 

The combined effect of organic solvent and heat was also investi- 
gated. A sample of soybeans which had been extracted in a con- 
tinuous extractor on a pilot-plant scale using trichloroethylene as a 
solvent, with the excess solvent being removed from the beans by 
heating at 100-130°C for 60 minutes, was tested for amylolytic ac- 
tivity. About 70% of the activity was destroyed. Another sample 
of soybeans, extracted commercially with hexane, had been heated at 
95°C for 30 minutes to remove most of the solvent and then with 
superheated steam to remove the last traces of the hexane. Tests on 
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this material showed complete destruction of the amylase. A sample 
of beans taken from this extraction process before exposure to the 
super-heated steam showed no marked decrease in activity. These 
experiments show that soybean beta-amylase is resistant to the action 
of organic solvents. However, if in removing these solvents tempera- 
tures above 100°C (in the presence of moisture) are used or if the 
exposure at 100°C continues over too long a period of time, the amylase 
is inactivated. 

Numerous reports in the literature (Sherman and Tanberg, 1916; 
Sherman and Schlesinger, 1912, 1915; Ono, 1936; Ohlsson, 1926) show 
the marked rate of inactivation of aqueous solutions of amylase when 
held at or slightly above room temperature. In fact, the Ohlsson 
method (1926) for the preparation of alpha-amylase concentrates is 
dependent on the differential inactivation of beta-amylase by heating 
at 70°C. In this procedure the beta-amylase of barley is destroyed 
by heating an aqueous solution of alpha- and beta-amylase at pH 6-7 
for 10 minutes at 70°C. The same method was used (Creighton and 
Naylor, 1933) for the preparation of purified beta-amylase from wheat. 
That the beta-amylase of soybeans is not destroyed at this tempera- 
ture is demonstrated by the fact that digestions of starch paste with 
this enzyme can be carried on at 76°-78°C. For example, 10 g of 
cornstarch and 100 ml of water were heated to 78°C in a water bath. 
A warm-water suspension of soybean amylase was added, mixed thor- 
oughly and allowed to digest for 30 minutes at 76°-78°C. At the end 
of the digestion period the digest was heated to boiling, diluted, and 
reducing sugars determined on an aliquot. The determined maltose 
equivalent of 2.28 g represented over 70% of the maltose equivalent 
obtainable if the quantity of enzyme present could have acted on 
the starch under ideal conditions (40°C in 2% starch paste at pH 5.0). 

The rate of deterioration of soybean beta-amylase concentrate in 
aqueous solution was also investigated. Other investigations (Sher- 
man and Schlesinger, 1915; Ono, 1936) have shown that the most 
highly purified concentrates deteriorate most rapidly. This was not 
observed with soybean beta-amylase. Samples of six of the most 
active concentrates prepared were dissolved in distilled water and 
allowed to stand at room temperature. Figure 1 presents the results 
of thisstudy. The most highly purified concentrates used in preparing 
solutions VIII, IX, and X retained 79%, 76%, and 62% of their 
respective activities after standing 34 days at room temperature. On 
the other hand the three less highly purified concentrates, I, III, and 
VII, were inactive after 30 days. The reason for the greater rate of 
deterioration of the least highly purified concentrates is not definitely 
known. The small variations in the method of preparation of the 
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concentrates do not account for the observed differences. A more 
satisfactory explanation probably lies in the degree of purification, 
the more highly purified concentrates containing smaller quantities of 
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Fig. 1. Rate of deterioration of soybean beta-amylase in aqueous solution at 25-30°C. Con 


centration of solutions: I, I1I—40 mg in 50 ml; VII—9.2 mg in 10 ml; VIII—16.4 mg in 50 ml; IX— 
16.3 mg in 50 ml; X—15.6 mg in 50 ml. 


substances that are subject to bacterial action, this bacterial action 
either destroying the enzyme or producing substances which inactivate 
the enzyme. This explanation is suggested by the observation that 
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after standing for 8-10 days a marked putrefactive odor existed in all 
solutions except sample IX. At no stage was any marked odor ob- 
served in this solution. At the end of two weeks a considerable 
growth of organisms was evident in solutions I, III, and VII, a slight 
but. distinct cloudiness was observed in VIII and X, while solution IX 
remained water clear throughout the experiment. A-preservative was 
not used in these solutions because of the possible deleterious action 
on the enzyme. 


Summary 

In the several preparations of soybean beta-amylase described the 
dry concentrate contained from 17% to 27% of the extractable beta- 
amylase present in the original soybeans. 

A method is given for further purification of the crude soybean 
beta-amylase concentrates. The most concentrated preparation pro- 
duced 4,580 times its weight of maltose in 30 minutes at 40°C. 

The concentration procedure has been applied to low-activity 
materials with satisfactory concentration and recovery of the beta- 
amylase. 

The deterioration and inactivation of soybean beta-amylase has 
been investigated. 
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A COLLABORATIVE STUDY OF METHODS FOR THE 
DETERMINATION OF AMYLASE ACTIVITY ' 


ALLAN D. Dickson, Chairman 
Division of Cereal Crops and Diseases, U. S. Department of Agriculture * 


(Read at the Annual Meeting, May 1942) 


Last year’s Committee undertook, as a part of its activities, a 
study of methods for the determination of alpha-amylase. The results 
of this study were rather unsatisfactory since only three laboratories 
submitted data, and one differed from the others in extraction proce- 
dure. Fairly good agreement was obtained between two laboratories 
with the Sandstedt, Kneen, and Blish (1939) dextrinizing procedure 
and with the Jézsa and Johnston (1935) viscometric method. The 
agreement with the Blom and Bak (1938) method was unsatisfactory. 
Within laboratories the correlation of. data obtained by the three 
methods on the six malts was verv high, indicating that all methods 
were measuring the same thing. 

In a joint collaborative study with the Subcommittee on Diastatic 
Power of the American Society of Brewing Chemists, the Committee 
this year undertook a study of available methods for the determination 
of specific components of the amylase system of malts. 


Experimental 


Six samples of malt, selected for their range in diastatic power, 
were submitted to 18 laboratories. All laboratories were requested to 
determine diastatic power by either the Fehling’s titration or ferri- 
cyanide modifications. Other methods studied by some of the collab- 


1 Report of Malt Analysis Standardization Committee (1941-1942). 
2 Stationed at Madison .Wisconsin. 
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orators were: (1) Kneen and Sandstedt (1941) measure of saccharifi- 
cation, (2) Sandstedt, Kneen, and Blish (1939) method for alpha- 
amylase by a dextrinization procedure, and (3) Blom and Bak’s 
(1938) and (4) Jézsa and Johnston's (1935) viscometric methods for 
alpha-amylase. 

The two methods from the Nebraska Station were used as pub- 
lished, except that extraction of the malt was carried out with 5 g per 
100 ml for 1 hour at 30°C instead of 1 g per 100 ml. In the dextrini- 
zation procedure a uniform sample of beta-amylase, kindly supplied 
by Wallerstein Laboratories, was used in the preparation of the sub- 
strate instead of the recommended hard wheat flour extract. 


Presentation and Discussion of Data 


The submitting of samples was delayed by the difficulty of obtain- 
ing a satisfactory source of beta-amylase. Therefore most of the data 
submitted were on diastatic power and on the Nebraska methods, 
which require somewhat less standardization than the viscometric 


TABLE I 


COLLABORATIVE DATA ON DIASTATIC POWER 


Malt 1 Malt 2 Malt 3 Malt 4 Malt 5 Malt 6 
Collab 
orator 
No Meg Mg Meg Mg Mg 
I mal mal b mal I mal 
tose tose tose tose 


78.1 313 116.6 | 467) 140.: 155.1 2.1 | 729) 191.8 
78.0 312) 108.0 | 432) 122. 142.0 | 568) 162.0 | 648) 172.0 | 

75.7 | 303) 102.8 | 411 5 | 148.8 | 5 8 | 659 174.9 

82.9 | 332) 109.0 | 436] 132.0 | 528) 152.0 | 173.5 | 694) 182.0 

80.0 | 320) 106.0 | 424) 128. 154.0 0 | 664| 181.5 
79.5 | 318 110.5 | 442) 135.0 | 150.5 2.0 | 688, 186.5 | 
86.3 | 345) 118.0 | 472) 146. 165.0 0 | 764| 197.7 | 
75.6 302) 104.4 | 418) 127.8 | 144.9 | 580) 161.1 | 645) 171.9 | 

78.7 | 315) 109.6 | 439) 134.5 | 538) 152.2 A | 673) 182.2 
81.0 324, 113.0 | 452 153.0 O | 712) 183.5 | 
81.7 | 327) 114.5 | 458 150.5 | .7 | 675| 180.7 | 

84.0 | 336 110.0 | 440 151.0 | 604| 166.0 | 664| 179.0 

83.3 | 333) 92.2 | 369) 138.0 | 0 | 660) 173.9 

86.0 | 344) 116.0 | 464 154.0 | 168.0 | 672) 182.0 

79.1 | 316 110.2 149.0 | | 716) 191.3 
82.0 | 328 121.0 158.0 | 632) 171.0 | 684) 189.0 | 
M: 80.7 323 110.1 | 684) 182.5 | 
SDbD* | 1.66 — 1.67 
CVbD® | 2.06 0.92 
SDbL® | 3.13 7.21 
CVbL? | 3.88 3.95 


ah Ae ae odo) add gh a 
Qe Ke SONSWSOAS 


Ferricyanide modification used for diastatic power. 
* Fehling’s modification used for diastatic power. 
' Mean. 
‘Standard deviation between duplicates. 
’ Coefficient of variability between duplicates. 
® Standard deviation between laboratories. 
Coefficient of variability between laboratories. 
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methods. The results obtained with the diastatic power are presented 
in Table I. The Kneen and Sandstedt saccharification activities and 
calculated beta-amylase values are presented in Table II]. Means of 
duplicate determinations, standard deviations, and coefficients of 
variability between duplicates and between laboratories are also given. 


TABLE II 


COLLABORATIVE DATA ON SACCHARIFICATION ACTIVITY AND BETA-AMYLASE 
UNITS BY THE KNEEN AND SANDSTEDT METHOD 
= - = = = 
Malt 1 Malt 2 Malt 3 Malt 4 Malt 5 Malt 6 


» 
Collaborator 
No. Mg | Beta-| Mg | Beta-| Me | Beta-) Me = Beta-- Mg | Beta-| Mg | Beta- 
maltose| amyl-|maltose| amyl-|maltose| amyl- maltose amyl- maltose) amyl-|maltose| amyl- 
per ase per ase per ase per ase per ase “ ase 

50 ml | units | 50 ml | units | 50 ml | units! 50 ml | units units units 

18.4 

18.0 | 


12.5 | 116.8 2 

4 | 134.4 

s 9.) 15.9 
31 1 

ot) 


11.9 | 102.8 

8.8 | 98.3 

| 10.6 | 103.5 

11.0 | 113.7 

11.8 | 1118 

10.9 | 114.5 

| 10.0 | 100.6 

127.1 } 12.4 | 114.2 

1 139.6 11.1 | 110.9 

1 131.2 | | 93.3 | | 110.9 

1 130.2 | 90.8 | | 115.0 27: , 

129.2 | 8. 9. 11.1 | 109.4 3. 21: 5. 34.5 | 17.9 

SDbD 3.21 | 0.2% 3. 0.49; 3.84 59| 2.73! 0.35) 3.94] 0.60 

CVbD 2.48 | 2.77 3.55} 4.41) 3.53 23 ¥ 2.23) 2.93} 3.35 

SDbL‘ 6.07| .50| 6.67] 1.08) 6.10 .99' 8.16 2g 92) 1.09 

CVbL5 4.70) 6.05 47) 9.73) 5.60 5.7) 3.2% 5.90; 6.09 
L/mg maltose/50 ml 1.24 a 1.23 s 


133.1 
135.6 
114.5 
127.0 | 
129.6 | 
129.3 
126.5 | 


127.3 


© 2 


15. 
14 
13 
15 


. 18.1 | 
| 16. . 18.5 | 
16.7 | 127.1 | 17.2 | 
16.0 | 136. 18.3 
| 13.9 21.6 | 16.1 | 

6 | 19.1 
| 19.3 


rho bolas 


9© 9 MI B© Be GO ™3 OO Oe 
-A-ie 


~ 
- Cho & do & COO tO 


! Mean. 
* Standard deviation between duplicates. 

’ Coefficient of variability between duplicates. 
‘Standard deviation between laboratories. 

» Coefficient of variability between laboratories. 


The data submitted on the three alpha-amylase methods are given 
in Table III. The statistics were calculated only for the dextrinizing 
method. 

Considering diastatic power and the Nebraska methods, the varia- 
bility between laboratories is greatest for the alpha-dextrinizing 
method, although the variation between duplicates is of about the 
same order as for the saccharification method. This might easily 
have been caused by lack of standardization in the procedure of making 
color comparisons in different laboratories. The opinion was expressed 
by several collaborators that the variation in both of the Nebraska 
methods, which was greater than with the diastatic power method, 
could be reduced by extracting a larger quantity of malt. This modi- 
fication might profitably be applied to barley malts, where the quantity 
of hull material is high. From the data it appears that the Nebraska 
methods warrant further study, with perhaps certain modifications and 
greater standardization of procedure. This is especially desirable 
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TABLE Ill 


COLLABORATIVE DATA ON THREE METHODS FOR THE DETERMINATION OF 
ALPHA-AMYLASE 


Malti | Malt2 Malt 3 Malt 4 Malt 5 Malt 6 


Collaborator 
No. 


Alpha-amylase units—Sandstedt, Kneen, and Blish dextrinizing method 


29.0 49.3 58.3 48.1 42.0 68.6 
29.1 49.9 > 54.2 54.1 50.5 76.8 
31.0 50.0 57.5 49.9 46.9 71.1 
31.3 45.2 | 53.0 51.9 47.2 78.4 * 
33.1 50.6 61.9 59.1 50.6 89.3 
45.8 46.9 42.7 56.5 
61.9 55.7 50.5 89.4 
58.2 54.1 46.9 80.0 
47.3 44.0 41.5 68.6 
55.0 53.0 52.0 78.0 
44.0 43.6 40.6 , 4.3 
) ' kd 54.3 50.9 46.5 74.4 
SDbD* 9: ‘ 1.90 1.97 2.03 
CVbbD* 3. 3. m |. 3.7. 4.24 2.73 
SDbL‘ ; 5. 5.9: x 3.98 9.82 
CVbL* 32 y 92 ob 8.56 13.20 


CSoOonawt ww 





79.0 
103.8 
121.5 


44.1 
48.9 
61.9 
60.5 
67.9 


Alpha-amylase units, liguefons per gram—Jozsa and Johnston method 


4 2. 362 453 416 393 570 
14 221 304 415 413 356 =| +~676 


1 Mean. 

2 Standard deviation between duplicates. 

3 Coefficient of variability between duplicates. 

* Standard deviation between laboratories. 

® Coefficient of variability between laboratories. 

* Viscometer standardized against 45% by weight of sucrose solution. 

7 Data from Collaborators 1 and 14 adjusted by ratio of 1.79 obtained from data of Collaborator 9 
using both procedures. 

8 Viscometer standardized against 45% by volume (45 g per 100 ml) of sucrose solution. 


since these methods are more suited to routine application than the 
viscometric methods. The ratios of diastatic power to malt sacchari- 
fication values on the six malts indicate the same close relationship 
between these two factors, as shown by Kneen, Beckord, and Sand- 
stedt (1941). 
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The limited amount of data on the two viscometric methods was 
not sufficient for a good evaluation. As a result of an error in trans- 
lation of the original Blom and Bak method, different-strength sucrose 
solutions were used for standardization of the viscometer. This re- 
sulted in values of different magnitude. By using viscometers stand- 
ardized against sucrose solutions of 45% by weight and 45% by 
volume (45 g per 100 ml) for the determinations on the six malts, 
a relatively constant ratio which averaged 1.79 was found between the 
values obtained with the two viscometers. The data of Collaborators 
No. 1 and No. 14 were obtained with viscometers standardized against 
45%-by-weight sucrose solution. These values were calculated to the 
other standardization using the above ratio and are given in Table IT. 
The variation between laboratories is still much too high and further 
study of this method would be desirable. 

Only two laboratories reported results obtained with the Jézsa and 
Johnston method. The agreement is fairly good for most of the malts. 
It is evident that the viscometric procedures give reliable results only 
in the hands of experienced operators, and even there the variation is 
too great. A comparison of these procedures in a smaller number of 
laboratories which are experienced in their use and on a larger number 
of samples would be a better method of evaluation. 

In view of the above data the committee recommends that the 


various methods for alpha- and beta-amylases be submitted to further 
study, with the purpose of determining the cause of variability in 
results and of modifying the procedures to give better agreement 
between laboratories. 
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REPORT OF METHODS COMMITTEE ON THE DETER- 
MINATION OF IRON IN CEREAL PRODUCTS 


B. SULLIVAN, Chairman 


Russell-Miller Milling Co., Minneapolis, Minnesota 


Read at the Annual Meeting, May 1942) 


Five samples each of unenriched flour, enriched flour, bread, and 
whole wheat were sent to eleven laboratories for collaborative work 
on iron determination. Eight laboratories replied, and the results are 
summarized in Table I. 

Complete details of a method were outlined in the directions sent 
to collaborators. This method was essentially that outlined by 
Andrews and Felt (1941). The regular ashing of the samples at 550° 
600°C plus the use of hydrochloric acid for the solution of the ash was 
specified, as was also the use of platinum dishes. Porcelain dishes 
have proved equally satisfactory. 

Sample No. 2, which was Sample No. 1, a short patent, enriched 
with 6 mg of ferrum reductum per pound of flour, is not included in 


TABLE | 
DETERMINATION OF [RON CONTENT IN CEREAL PRODUCTS 


(Moisture on the ‘‘as is”’ basis) 





Sample 3 Sample 4! 
Sample 1 No. 1 enriched bread from Sample 5 
Collaborator No unenriched with 6 mg per Ib No. 1 enriched whole wheat, 
short patent Fe as sodium with 6 mg per Ib fine granu 
flour iron pyro- ot terrum lation 
phosphate reductum 
mg lb mg lb meg ilb mg lb 
3 3.3 9.1 11.3 19.9 
ae a8 9.1 11.5 19.4 
: 3.7 9.1 11.4 21.5 
Paz 3.7 9.0 12.0 29.0* 
5... 2.6 ag 10.0 15.8* 
6—Ashing at 
1350°F 3.5 10.2* 17.0* 19.4 
1100°F. ‘Ey 9.4* 13.3° 19.2* 
7—Regular ashing 3.4 3.6* 9.1* 14.5* 
Alkaline ashing 
(NaOH). : aa 14.1 oF 20.4" 
8—Regular ashing. . 3.8 9.1 11.1 17.2 
Sodium carbonate 
fusion 4.1* 10.8* 14.2* 21.4* 
Average. . 3.4 9.1 11.2 19.5 


* Starred results were omitted from the averages. They were either too far from the average 
resuits obtained on the alkaline treatment used in some laboratories (Collaborators No. 7 and No. 8) 
or were duplicates done in a different manner (No. 6). Results by the alkaline comanenent of the 
sample were also omitted merely to keep the variables at a minimum. 

! Bread was made from a straight dough with 2% yeast, 2% salt, 5% sugar, 3% dry skim milk, 
3% shortening, and 0.25% yeast food. All results were dh than the theoretical based on the iron 
content of flour owing probably to additional iron contributed by other ingredients such as the yeast 
food 
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the summary. Directions were sent to each collaborator asking that 
this sample be sifted through a wire screen before analysis. Since 
some collaborators did not follow these directions, it was felt that this 
flour should be excluded from the report, although the range in iron 
content found was no greater than in the other samples. Every effort 
was made by thorough mixing and repeated sifting of samples to 
insure uniformity and equal distribution of iron in cases where iron 
was added. 

From our own experience as well as from the comments and results 
of individual collaborators the main difficulty seemed to be in the 
preparation of the samples for analysis and in the ashing and solution 
of the ash rather than in the determination itself. 

Two collaborators reported significantly higher results on alkaline 
fusion with NaOH or NasCQO;. In the instance of one collaborator 
using alkaline fusion as well as the regular ashing in platinum, sulfo- 
cyanate was used to develop the color rather than a, a’-dipyridyl. 
This collaborator reported results significantly higher on alkaline ash- 
ing than by the regular procedure on all except Sample No.1. Another 
collaborator reported results by the procedure outlined as well as 
with the use of o-phenanthroline for color development. This labora- 
tory also reported results with a sodium carbonate ashing in silica 
dishes. Results by the latter method were significantly higher and 
also higher than the average figures. 

One laboratory reported as follows: ‘‘Due to the burning out of 
the rheostat on the furnace the first set of samples was ashed at 
1350°F (730°C) rather than at 1100°F (593°C). Ashing at 1350°F 
gave consistently higher results than ashing at the lower temperature 
of 1100°F.” 

Other than the above departures, all other chemists followed the 
method as outlined. So far as we are aware, all laboratories used 
some type of electrophotometer for color comparison. 

Results were disappointing and it is felt that most of the dis- 
crepancies arise from the preparation of the samples for analysis. 

Before there was such general interest in the iron content of flours, 
our own laboratory had run many determinations on wheats and 
milling separations. We were never able to find any loss of iron under 
the conditions used in ashing. Samples were always ashed in an 
electric muffle at 600°C overnight and the ash dissolved in acid (either 
nitric or hydrochloric). In the paper previously cited, Andrews and 
Felt (1941) state that in using overnight ashing at 575°C there is no 
evidence of any loss of iron in flour or breads. 

After the results reported in this collaborative work were received, 
we checked a sample of flour with added iron prepared by direct 
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ashing as well as the same sample prepared by Na2CO; treatment of 
the flour prior to ashing. Identical results were obtained by both 
methods. 

On the other hand, Hoffman, Schweitzer, and Dalby (1940), on the 
basis of their work on cereal products, believe that an alkaline ashing 
procedure is essential to secure complete recovety of added iron. 

The agreement between results of collaborators is unsatisfactory. 
Since samples were sent only to laboratories having excellent reputa- 
tions for analytical work, there must be some condition in ashing or 
in the solution of the sample in hydrochloric acid which is encountered 
in some laboratories and of which we are not aware. A few points in 
this regard may be mentioned. Porcelain dishes have proved equally 
as satisfactory as platinum. It is imperative that dishes used for 
ashing in the preparation of the sample for iron determination not be 
used for any other purpose during the time such determinations are 
being made. When, on occasion, we have used our platinum crucibles 
for ashing mixed feeds, for instance, the flour or bread samples ashed 
in these dishes gave erratic results even though before use the crucibles 
had been thoroughly cleaned with boiling HCl. In order that all the 
iron go in solution from the ash, boiling in HCI should be continued 
a few minutes with special precautions taken to see that no spattering 
occurs. Incomplete solution of the iron in the ash and loss by spray- 
ing during boiling are frequent reasons for low results. 

The results have not been statistically analyzed since it was felt 
that the number of collaborators was too small. Only the averages 
have been shown. It is apparent that further collaborative work 
should be done on checking the iron content of cereal products since 
there are some still obscure reasons why more concordant results have 
not been obtained among laboratories. This is true even of un- 
enriched short-patent flour and whole-wheat flour to which nothing 
was added. 

It is recommended that collaborative work on the measurement of 
iron be continued with particular emphasis on the ashing and prepara- 
tion of the sample solution. It would be advisable to send with the 
flours or bread a solution of known iron content. 
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DESCRIPTION OF MIXOGRAMS'! 


C. O. Swanson and JoHN A. JOHNSON 


Kansas Agricultural Experiment Station, Manhattan, Kansas 


(Received for publication June 20, 1942) 


With the increasing use of the National Swanson-Working record- 
ing dough mixer in the study of wheat and flour quality problems, 
a need exists for a simple diagram which may be used both in describing 
curve characteristics and in correlating these characteristics with 
baking and other quality measurements. This paper deals with pro- 
posed descriptive diagrams. The correlations with other quality 
measurements will follow in future papers. 

A diagram that gave the meaning of the characteristics of curves 
obtained on the recording dough mixer was presented by Swanson and 
Clark (1936) together with typical curves obtained from flours of 
well-known wheats. The same diagram with curves was also shown 
by Swanson (1937). These curves were obtained on the first model 
of the recording dough mixer (Swanson and Working, 1933). The 
curves made on that first model differ from those obtained on the 
National Swanson-Working mixer mainly in mixing time, since the 
rate of movement of the chart paper of the former machine is only 
one-third that of the latter. Curves made on the first model of the 
Swanson-Working micro-mixer were presented by Larmour, Working, 
and Ofelt (1939). A simple diagram was used by Johnson and Swan- 
son (1942) in tabulating data from mixograms made on the National 
Swanson-Working recording dough mixer or mixograph. A simple 
plan was also given by Shellenberger (1940). 

The wide variations in curves obtained from flours of different 
wheats were shown by Swanson (1939). He also gave a short résumé 
of the development of recording dough mixers as well as a discussion 
of the meaning of some curve characteristics. A more complete treat- 
ment of the development of dough mixers together with diagrams for 
the interpretation of curves has been made by Bailey (1940). 

In order to be practical a diagram must be simple to construct 
yet comprehensive enough to furnish a basis for description and inter- 
pretation. Such diagrams are presented in Figure 1. The upper two 
curves or mixograms are from Tenmargq flours and the lower two are 
from Chiefkan flours. The two mixograms on the left are from high- 
protein and the two on the right are from low-protein flours. The 
five main characteristics of a mixogram are: (1) the degree of the 
incline or developing slope, (2) the time to reach the maximum height, 


1 Contribution No. 83 Department of Milling Industry. 
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Fig. 1. Mixogram diagrams. 
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(3) the magnitude of this height, (4) the degree of the decline or weak- 
ening slope, and (5) the angle made by the developing and weakening 
slopes. Others may be used, such as the general width of the mixo- 
gram, especially at the top and last part of the weakening slope. 
Moreover, the area under the mixogram to optimum consistency may 
be used to indicate energy input, but for the present these charac- 
teristics are not included. 

The line DO is drawn in the center of the developing slope and the 
line OW in the center of the first part of the weakening slope. From 
the intersection of these two lines, O, is dropped the perpendicular 
line H. Also through the point O is drawn the horizontal line TON, 
extending toward the left to the arc on which the mixogram originates 
and toward the right a convenient distance. 

The line DO is more simple to draw on mixograms like the two 
upper than on mixograms like the two lower. More consistent meas- 
urements will be obtained if the lines DO and WO are begun in the 
center of the upper parts of the developing and weakening slopes. 

The line TO measures the approximate time in minutes and tenths 
required to develop a dough to maximum consistency or minimum 
mobility. The mixograms in the diagram were made with a mixing 
rate of 98 rpm, and the chart paper moved at such a rate that approxi- 
mately one minute was required for the pen to pass from one arc to 
another. If smooth or a differently ruled chart paper is used, the 
horizontal space over which the pen moves in one minute must be 
established. The line 7O gives the height in units of the chart. This 
is divided by horizontal lines into ten major units, each of which is 
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divided into five. Thus any distance from the bottom of the chart to 
the point O may be read in parts of 100. 

The height of the mixogram is determined primarily by the protein 
content and secondarily by the water absorption of the flour. The 
amount of absorption influences the stiffness of the dough and hence 
the degree of torque given the bowl by the movements of the pins 
through the dough. This torque registers the resistance of the dough 
to the process of mixing and is mostly influenced by the protein or 
gluten content. The process of mixing presumably develops the pro- 
tein into gluten strands or fibrils and arranges these in a three-dimen- 
sioned, continuous network in the dough. The quantity of protein 
determines the density of this network, and the quality determines the 
strength of the gluten fibrils. Quality is, however, more readily re- 
vealed in the other mixogram characteristics and hence is only a minor 
factor in mixogram heights. 

The angle DOT indicates rate of dough development and hence is 
called ‘‘development angle.’”” This, as well as the other angles in this 
diagram, is measured in degrees. The magnitude of angle DOT will 
be negatively correlated with the mixing time. If the complimentary 
angle DOH is used, the correlation will be positive. 

The rate of development as shown by the angle DOT is not neces- 
sarily the same as the time of development indicated by the line TO 
since the time required to reach the top of the mixogram is determined 
not only by the slope of the line DO but also by the height 77. Thus 
mixograms may have little or no variation in the degrees of angle 
DOT, but vary greatly in the magnitude of lines TO and OH. 

Resistance to the movement of the upper pins starts almost imme- 
diately as is shown by the rapid swing of the pen away from the lower 
edge of the chart. As soon as the flour particles make contact with 
water, wet gluten develops. The to-and-fro movement of the record- 
ing pen starts as soon as the gluten forms. The rate of wetting differs 
in flours as can be seen by comparing the upper two mixograms in 
Figure 1 with the two lower. The to-and-fro swing of the pen is not 
due to the elastic properties, but to the plastic, since such a movement 
may be obtained from a mixture of starch and water as has been shown 
by Markley (1937). 

The range of mixing tolerance is measured by the angle DOU 
formed between the developing line DO and the weakening line WO. 
The slower the rate of development and the rate of breakdown of the 
dough, the larger will be this angle. Large angles, DOW, like the two 
upper curves of the diagram, indicate much wider range in tolerance 
to mixing than the smaller angles of the two lower curves. 


r 









MIXOGRAMS Vol. 2( 


The rate of dough weakening is measured by the angle WON 
formed by the slope of the weakening line WO and the horizontal line 
ON. The last half of the mixograms of many of the flours are concave 
and others are more nearly straight. The first part of the weakening 
slope is the most significant and hence the line WO is drawn in its 
center. The rate at which the dough breaks, indicated by the slope 
of the line WO, is related to the variety and the protein content. 
In low-protein flours the angle WON will be smaller than in high- 
protein flours of the same variety. But with the same protein content 
the angle WON will vary in different varieties. 

Since the sum of the three angles is 180 degrees, it follows that their 
magnitudes are interrelated. Particularly is the magnitude of DOW 
inverse to the magnitudes of DOT and WON. 

There are several other characteristics which could be included in 
the mixogram diagram, but these are seemingly of secondary impor- 
tance. The general width of the mixogram depends so much on the 
spring tension and viscosity of the oil in the shock absorber and its 
adjustments that it has little meaning beyond what can be seen by 
inspection and comparisons of mixogram types. The width of the 
mixogram at the point O tends to increase with larger amounts of 
protein. 

The rate and amount of narrowing of the down slope has consider- 
able significance since these are mostly variety characteristics. In 
some varieties this narrowing is much greater than in others and in 
most cases it is inverse to the protein content. Asa rule the narrowing 
is negatively correlated with the weakening angle WON. 
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EFFECTS OF MOISTURE ON THE PHYSICAL AND OTHER 
PROPERTIES OF WHEAT. II. WETTING 
DURING HARVEST' 


C. O. SWANSON 


Kansas Agricultural Experiment Station, Manhattan, Kansas 


(Read at the Annual Meeting, May 1942) 


A previous investigation (Swanson, 1941b) showed that wetting 
wheat, either before or after threshing, lowered the test weight and 
decreased the vitreous condition. Since test weight and vitreous 
appearance (in contrast with bleached and mealy appearance) are two 
important factors in grain grading, exposure to rain during harvest 
seriously affects the grade. The decreases in test weight, however, 
did not produce correspondingly lower flour yields. The baking values 
also did not correlate with the commercial grade nor with the extent 
of the wetting treatment. An explanation was given of the physical 
changes that take place. 


Samples from Millers and Farmers 


Advantage was taken of the latter part of the harvest of 1941 in 
Kansas, which was unusually wet, to study the effects of wetting on 
the physical and other properties of weathered and nonweathered 
wheat. Samples of wheat were obtained from millers and farmers, 
34 from the former and 51 from the latter. Two samples were solic- 
ited from each one with the request that one sample should represent 
wheat which had received little or no wetting during harvest, and 
that the other should be wheat that had been exposed to considerable 
rain with consequent bleaching and lowering of test weight. A fine 
response was received. Some farmers were able to send only one, but 
several sent more than two. 


Tests Made 


The samples were put through the laboratory wheat cleaner, and 
test weights determined. Test-weight data, together with 75-g sub- 
samples, were sent for official grading to Mr. Martin Schuler of the 
Kansas City office of the Federal Grain Inspection Department. 
Mr. Schuler’s report is included in Tables I and II. 

The internal texture of the grain was studied by using a barley 
kernel cutter which cuts 50 kernels at a time so that the exposed 
sections can be observed. Counts were made of cut sections that 
appeared distinctly mealy or vitreous. Those which did not fall in 


1 Contribution No. 84, Department of Milling Industry. 
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either of these two classifications were counted as semivitreous. By 
making counts in duplicate and adding, the numbers were expressed 
as percentages. 

Fifteen-hundred-gram portions of each sample were scoured in the 
experimental scourer and then milled on the Buhler mill? to obtain 
percentages of flour. Flour ash was determined in order to check on 
the milling operation. Test weights taken before and after scouring 
gave data on losses from weathered bran coats. The scouring losses 
are only partially indicative, since these also include broken kernels. 

The flour samples were also analyzed for moisture, protein, and 
diastatic activity. The absorptions used in making the curves on the 
recording dough mixer were calculated from the protein and the 
moisture percentages. On the basis of dough-mixer-curve character- 
istics and other data, 28 samples of flour were selected for baking tests. 
In selecting these samples it was planned to have in each pair one 
unweathered and the other weathered. 


Grain Grades, Test Weights, Texture Percentage, Protein 
Percentage, Milling Data, and Diastatic Activity 


The milling and analytical data on the samples received from the 
millers are given in Table I. Similar data on samples obtained from 
farmers are shown in Table II. The origin of the samples is given by 
counties (or Kansas City), and for a few of the farmers’ samples the 
variety is also given. The test weights of the cleaned wheats were 
used in grading. The data in Tables I and II were arranged in the 
order of decreasing test weights, with those for nonweathered samples 
in the first group and those for the weathered in the second group of 
each table. The classifications ‘‘nonweathered”’ and ‘‘weathered” 
were made according to the information given by the donors of the 
samples. 

On the basis of test weights the two groups merge into each other. 
The average of all the test weights of the nonweathered samples from 
the millers was 4 pounds higher than for the weathered samples. For 
the farmers’ samples, this difference was 3.6 pounds. Most samples 
had no damage and only a few had over 1%. While more samples 
among the weathered wheats had some damage, there were also a few 
among the nonweathered that had slight amounts of damage. 

The percentage of vitreousness as determined in grain grading 
varied greatly within the different groups. A few samples among the 
nonweathered group had as low vitreous percentages as some of the 
samples among the weathered group. The average of the vitreous 


? Credit is due Mr. Don E. Fleming, student assistant, for making the milling tests 
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percentages of the nonweathered samples from millers was twice as 
great as that of the weathered samples and for the farmers’ samples 
almost twice as great. 

Since the figures for numerical grades are so largely dependent on 
test weights it follows that the grades of the nonweathered and the 
weathered samples should overlap as did the test weights. By far 
the larger portion of the nonweathered samples fell into the No. 1 
grade, however, and the larger portion of the weathered samples fell 
into the No. 3 and No. 4 grades. 


Effects of Scouring 


The test weights taken on the scoured samples were in all instances 
greater than those obtained on the cleaned samples. The increase in 
test weights due to scouring was not essentially different for the non- 
weathered and the weathered samples. This increase in test weight 
was due partly to the removal of loose branny matter and removal of 
light chaffy material, thus facilitating closer packing. The scouring 
losses were considerably greater for the weathered samples, probably 
a result of more breaking of softened kernels as well as a looser bran. 


Effects of Weathering on Internal Texture 


The texture counts were based on the operator’s judgment. It is 
not difficult, however, to pick out the kernels whose sections are dis- 
tinctly vitreous, and those which show distinctly mealy, interiors. 
The difficulty comes with those which fall between these two classifi- 
cations. Hence, those samples that have a comparatively large semi- 
vitreous count may tend either toward the more vitreous or toward 
the more mealy. It has not seemed practical to make more than these 
three divisions in the internal texture counts. 

The average percentage of vitreous kernels in the millers’ samples 
was 3.3 times as large for the nonweathered as for the weathered, and 
the mealy percentage 5 times as great for the weathered. In the 
farmers’ samples the average vitreous percentage was 2.5 times as 
great in the nonweathered as in the weathered, and the mealy per- 
centage was 7 times as great in the weathered. Several of the farmers’ 
nonweathered samples were 100% vitreous. 

As was indicated previously (Swanson, 1941b) the disappearance of 
the vitreous texture and the development of the mealy texture is 
caused by the swelling induced by wetting. Swelling disturbs the 
internal compact condition and after the water has escaped, vacuoles 
are left which influence the manner of light reflection. These vacu- 
oles decrease the specific gravity and hence the test weight. 
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Effects of Weathering on Percentage of Flour 


The percentages of flour were computed on the basis of the weight 
of the cleaned wheat sample. The addition of tempering water slightly 
increased the amounts of flour obtained, but this addition was nearly 
the same for all the samples. The percentages of flour as computed 
on the results obtained in milling cannot have the same accuracy as is 
accorded chemical determinations. Fifteen grams of difference in 
amount of flour obtained from 1500 grams of wheat will change the 
flour 1%. The hang-up between samples may easily vary this much. 
However, trends and averages are significant, especially when con- 
sidered in connection with the figures for ash, which serve as a check 
on the milling separations. 

The average percentage of flour obtained from the millers’ weath- 
ered samples was somewhat larger, with a lower ash, than from the 
nonweathered samples. The average flour yield of farmers’ samples 
was somewhat larger than that of the millers’, and there was no differ- 
ence between weathered and the nonweathered. The decrease in test 
weight, with consequent lowering in grade due to wetting during 
harvest, did not have a corresponding effect upon the flour vield. 


Relationships of Grades to Internal Texture and Milling Results 


The data from Tables I and II were grouped under the various 
wheat grades, and the averages of the four grades, together with 
maxima and minima for each grade, are given in Table III. The 
maxima and the minima vary within very wide limits in the four 
numerical grades. As seen in Tables I and II each numerical grade 
includes hard red winter (HRW) and hard winter (HW). The soft 
red winter (SRW) were not included in the averages. The test weights 
of the grades ranged within the following limits: No. 1, 4.8 Ibs; No. 2, 
1.6 lbs; No. 3, 1.8 lbs; and No. 4, 1.4 lbs. The differences between 
the maximum test weight in No. 2 and the minimum in No. 1 was 
0.1 lb, which was also the difference between the maximum in No. 3 
and the minimum in No. 2. In No. 4 the maximum test weight was 
0.3 Ib below the minimum in No. 3. Because of this larger variation 
within than between grades, it is easily possible that one group within 
a grade was little different from another group in the next lower or 
higher grade. 

The average scouring losses were markedly greater in grades 3 
and 4 than in 1 and 2. Both the maxima and the minima increased 
from No. 1 grade down to No. 4. The average percentages of mealy 
kernels increased as the grades became lower, as a result of weathering 
effects. 
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TABLE III 


RELATIONSHIP OF GRADES TO TEXTURE AND MILLING RESULTs, AVERAGES 
WITH MAXIMA AND MINIMA 

















Grading Test weights Internal texture Milling 
ee eee ees, Sl Pa a eee vee 
Description | | ing ae 
| Grade Vitr [Dam | Cleaned =o loss | Vitr | —_ Mealy |F lour| Ash 
| | | | 
% |% | ws | bs | % % 1% | % |% | &% 
Average 1HRW) 74.80 | 0.04; 61.53 | 63.70 | 2.18; 79.0; 7.9) 13.1 | 71.5) 0.44 
Maximum 99.6 | 1.0 | 64.8 66.1 | 4.35) 100.0) 51.0; 100.0 | 75.8) 0.42 
Minimum _ — | 60.0 |61.9 (1.01); — —};— 65.0\ 0.36 
Average 2HRW| 72.82 | 0.29) 59.01 | 61.80 | 2.36) 69.6| 13.6, 16.8 | 72.0 0.46 
Maximum | 96.0 | 3.5 | 59.9 ies 2 | 4.70' 100.0} 38.0; 68.0 | 76.4) 0.48 
Minimum 28.0 | — | 58.3 | 60.0 | 1.34) 17.0) — — | 66.9) 0.43 
Average I3HRW! 51.91 $ .35| 56.84 | | 59. 67 | 3.21 40.3) 25.6) 34.1 72.5} 0.45 
Maximum 96.0 | 3.2 | 57.9 | | 91. 0 | 5.69} 96.0) 63.0} 94.0 | 77.6) 0.47 
Minimum — |—| 56.1 | 57. 6 | 1.35 1.0; 2.0 2.0 | 70.0) 0.45 
Average 4HRW) 37.50 | 0.47) 55.24 | 58.35 | 3.16; 25.4) 31.6; 43.0 | 71.8) 0.45 
Maximum 70.0 | 5.3 | 55.8 | 59.2 |7.12| 60.0) 46.0) 89.0 | 75.2) 0.49 
Minimum 7.0 | — | 54.4 | 57.4 | 1.94 2.0' 7.0) 15.0 | 67.8) 0.42 


There were no essential differences in percentages of flour obtained 
from the different grades. The yields varied widely within each grade 
and were even wider in grades 1 and 2 than in 3 and 4. That the 
milling operation itself is a factor in percentage of flour yield is shown 
by the ash figure corresponding to the maxima and minima for flour 
yield. Although the ash figures were lower for the minimum flour 
vields than for the maximum, the differences in ash were not corre- 
spondingly as great as in the yield percentages. Hence these flour 
percentages were primarily dependent on the flour-yielding capacity 
and only secondarily on the milling operation as far as that is reflected 
in the ash figures. 

An analysis of the data presented in Tables I, II, and III indicates 
that the wheat grade was no indication of potential flour yield of these 
samples. 


Effect of Weathering on Mixogram Characteristics 


The moisture and protein percentages of the flours served as a 
basis for the calculation of water absorptions used for making the 
mixograms (Swanson and Johnson, 1942) and also for the baking of 
selected samples. The absorptions were determined by means of a 
graph based on experience with a large number of flour samples. This 
work had established the fact that absorption within a class of flours 
is a function of protein content on the 15% moisture basis (Johnson, 
1942). 
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Great variations were observed in the mixogram patterns, indi- 
cating that numerous varieties were represented among these wheat 
samples. With only a few exceptions each pair of mixograms, repre- 
senting nonweathered and weathered wheat, was from the same variety 
as far as could be determined from the patterns. Accordingly the 
measurements on these mixograms were grouped on the same basis as 
the data from Tables I and II. The characteristics of the mixograms 
were measured according to the plan presented by Swanson and 
Johnson (1943). 

While the mixogram patterns, as indicated by these lines and 
angles, depend mostly on characteristics inherent in the variety, yet 
within the same variety they will be influenced by weathering. After 
the data on the measurement of mixogram characteristics had been 
assembled in the same groupings as in Tables I and II and also by 
grades, great variations were noticed within each group and grade. 
It therefore seemed best to present only the averages as given in 
Table IV. The figures for the averages of moisture, protein, and 
absorption are included since these are related factors. 

The effects of weathering on mixogram characteristics were more 
evident in the samples obtained from farmers than in the samples 
obtained from millers. The general effect of weathering was to in- 
crease the time of development, decrease the height of the mixogram, 
increase the angles of development and tolerance, but decrease the 
angle of weakening. Similar changes in mixogram characteristics due 


PrABLE IV 


MIXOGRAM CHARACTERISTICS OF SAMPLES USED IN STUDY 


Mixogram measurements 
(Swanson and Johnson, 1943) 








Mois- —_ Absorp-|~_ ; j = 
ture | four tion | Time of | Develop-| Toler- | Weaken 
| develop-| Height! ment | ance | ing 
ment angle | angle | angle 
TO OH DOT | DOW! WON 
YA % Q% min units deg deg deg 
Millers’ samples 
Nonweathered 14.1 11.8 | 62.2 3.0 | 59 37 120 | 23 
Weathered 13.7 11.9 62.6] 30 | 58 | 35 124 21 
Farmers’ samples 
Nonweathered 13.7 | 12.7 | 63.3 2.6 62 47 106 27 
Weathered 13.3 11.6 62.8 3.8 54 26 137 17 
\verages from the 
wheat grades 
Grade 1 13.7 11.8 | 62.4 | 2.7 ) 42 113 25 
Grade 2 13.6 | 12.2 | 62.9] 3.1 59 «CS 36 122 22 
Grade 3 13.5 | 120 | 62.7 | 3.1 58 | 34 126 21 
Grade 4 13.5 11.8 | 62.7 35 54 29 134 17 
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to moisture were noticed in previous investigations (Swanson, 1941a, 
19416) although at that time these more precise mixogram measure- 
ments were not used. The average figures based on the grades show 
the same general tendency as has just been noted. This would follow 
from the fact that most of the nonweathered samples fell in grades 1 
and 2 and the weathered in grades 3 and 4. 


Response to Further Wetting 


The data presented and the discussions indicate that the weathered 
samples had had various degrees of wetting. What further changes 
would take place as a result of additional wetting? To determine this, 
100-g portions of all the samples, both weathered and unweathered, 
were placed in beakers, covered with water and allowed to soak at 
room temperature for three hours. The water was then drained off 
and the wheat placed on layers of paper toweling held in shallow pans. 
After complete air drying, the test weights were taken by the micro 
method (Swanson, 1942). For better comparison the test weights of 
the original wheats were also taken by this method. The internal 
texture was studied, using the barley cutter. 

The averages of the results obtained as based on various groupings 
are given in Table V. The unweathered samples decreased much 


TABLE V 


CHANGES IN TEST WEIGHT AND INTERNAL TEXTURE DUE TO 
SOAKING THE SAMPLES 














Test weight Vitreous Mealy 

Grouping ~ — —-— —_——_—— —_—_—_—_— 
Before After Loss Before After Before After 
a % os -— -— o% o | o .— : 
Nonweathered, millers’ 60.7 54.8 5.9 84 16 9 56 
Weathered, millers’ 56.5 | 52.9 | 3.6 ar Ut 44 61 
Nonweathered, farmers’ 60.6 | 55.9 | 4.7 83 18 7 37 
Weathered, farmers’ 57.4 | 539 | 35 | 36 8 36 | 54 
Test weights 60-65.1 61.8 | 56.2 | 56 | 82 | 20 | 9 | 46 
“6 = 58-59.9 59.0 54.7 | 4.3 65 9 i ni 3 
" 56-57.9 56.7 | 53.3 | 3.4 34 6s iP i 
54-55.9 55.2 | 51.8 | 34 | 29 | 9 | 40 | S55 
Vitreous 75-100; 60.9 | 55.8 | 5.1 92 | 200 | 4 37 
we 50— 74 59.2 54.6 4.6 63 10 18 53 
25-— 49 56.9 | 52.9 4.0 32 10 34 58 
O- 24 56.5 | 353.2 3.3 14 6 55 66 


more in test weight than the weathered. The higher test weights as 
well as the more vitreous group of wheats also decreased more in test 
weight than the lower test weight and more than the mealy samples. 
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Mixograms from samples of flour used in baking. 


Fig. 1. 
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In internal texture there was a much greater change in the non- 
weathered than in the weathered. The higher test weight showed a 
greater decrease in the vitreous percentage and a greater increase in 
the mealy than the less vitreous wheats. On wheats which have once 
been subjected to wetting, additional wetting will have much less 
effect than on wheats which have not been wetted. How much change 
will take place on successive wettings will be shown in a future paper. 


Mixogram Characteristics of Samples Used for Baking 


Fourteen pairs of samples were selected for baking. The pairs 
were so chosen that one sample in each pair represented wheat from 
the same source that was not weathered and the other a sample that 
was weathered. The mixograms from all the flours served as a basis 
for selecting those pairs in which the main patterns of both mixograms 
in a pair were similar. Mixograms of these pairs are shown in Figure 1. 
In each pair the mixogram from the nonweathered wheat precedes 
that of the weathered and the order of the pairs is that of the non- 
weathered samples in Table VII, which gives the baking data. 

The measurements of the mixograms shown in Figure 1 are given 
in Table VI. Those from nonweathered wheats are in the upper 
group and those from weathered in the lower. The averages show 
greater differences between unweathered and weathered than are shown 
by the averages in Table IV. This would be expected since those pairs 
of samples were selected for baking which had the larger differences 
between the weathered and nonweathered. 


Results of Baking Tests 


Results of baking tests of weathered and nonweathered samples 
are presented in Table VII.* Test weights, protein percentages, and 
internal texture, vitreous and mealy, are included for convenient 
comparisons. Since there was a considerable variation in percentage 
of protein, which is known to be the most important factor influencing 
loaf volume, the loaf volumes were reduced to a uniform protein basis. 
These calculated loaf volumes are found in the next to the last column 
of Table VII and are the basis for arrangement of the data in the table. 
The baking formula used was: 


Flour 100 g Salt 1.5 g 
Water according to absorption Sugar 6 g 
Yeast 2 g Bromate 3 mg 


Milk solids 4 g 


Previous experiments had shown that a rich formula is better for 
indicating effects from moisture. 


‘Credit is due Mr. John A. Johnson for performing the baking test 
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TABLE VI 
MIXOGRAM CHARACTERISTICS OF SAMPLES USED FOR BAKING 


No. on Time of Heigl Development Tolerance Weakening 
Fig. 1 development tent angle angle angle 
min units deg deg deg 
NONWEATHERED 

1 Be 62 55 99 26 

2 1.9 65 54 92 34 

3 1.6 63 54 89 32 

4 2.3 65 50 102 28 

5 2.6 65 50 87 43 

6 3.3 58 33 128 19 

7 2.0 76 53 88 39 

8 2.9 58 34 115 31 

9 3.8 56 24 143 13 

10 3.2 61 34 128 18 

11 4.0 47 19 147 14 

12 2.8 64 44 112 24 

13 3.2 53 33 125 22 

14 3.2 52 7 136 17 
\verage 2.8 60.4 40.6 113.6 25.7 

WEATHERED 

1 4.3 60 28 132 20 

2 1.9 61 52 100 28 

3 1.7 59 57 94 29 

4 3.3 58 31 133 16 

5 2.6 67 49 96 35 

6 3.2 54 28 136 16 

7 1.2 77 66 62 52 

8 3.8 50 21 143 16 

9 4.9 56 20 148 12 

10 3.9 56 30 133 17 

11 4.4 46 17 152 11 

12 3.3 55 31 132 17 

13 3.9 45 18 151 11 

14 3.7 50 22 145 13 
Average ae 56.7 33.6 125.5 20.9 


The baking data on texture of grain and crumb color were essen- 
tially the same for nonweathered and weathered samples and hence 
are not included in Table VII. Figure 2 shows the relationship of 
the loaf volumes, on the basis of uniform proteins, from nonweathered 
and weathered samples. Loaf volumes averaged larger for the weath- 
ered and were larger in each pair but two; in one of these the difference 
was within the experimental error. For pair No. 7, sample No. 1894 
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nonweathered and No. 1895 weathered, the loaf volumes were 1,010 
ce and 923 cc, respectively, although the protein of the former was 
lower than that of the latter. The test weights were 61.1 and 58.7. 
The weathering had therefore mostly affected the test weight. While 
there were differences in the vitreous and mealy percentages, they 
were not large. A closer examination of the mixograms (Fig. 1) of 


TABLE VII 


SUMMARY OF DATA FROM SAMPLES USED IN BAKING ARRANGED BY INCREASING 
wh ached IN NONWEATHERED SAMPLES 






































Sample | No. on; Test 7 Vitre- Semi Mealy | Pro- | Mixing| 1 L -y ap LV X10 IDtestatie 
No. Fig. 1 | weight ous | vitr meaty | tein time vol | prot activity 
natin’ ee eee a ee Sane: hee 

lbs | A | % /, | % | min —— cc mg 
UNWEATHERED 

isso | 1 | 6271 97.1 0 | 3 111.85! 2.2 | 660| 557 | 217 
1877 2 1573 | 9 | 2 2 |13.50} 1.9 | 805| 596 | 154 
1911 3 | 59.2 | 82 5 | 13 |13.85|] 1.6 | 830| 599 | 188 
1839 4 | 60.6 | 93 4 | 3 | 13.25] 2.3 | 830| 626 | 152 
1837 5 | 59.7] 82 | 15 | 3 |13.55| 2.6 | 875| 646 | 151 

T | | 

1889 6 | 565 | 88 | 10 2 |12.85| 3.3 | 830] 646 | 185 
1894 7 | 61.1 | 98 2 0 |15.60| 2.0 | 1010} 647 | 154 
1835 8 | 57.819 | 2 2 |11.55] 2.9 | 755| 654 | 201 
1870 9 | 567 | 29 | 63 | 8 |11.90) 3.8 | 788} 662 | 168 
1843 10 | 61.5 | 59 | 19 | 22 | 10.60} 3.2 | 705 | 665 | 171 
1899 11 | 59.7 | 78 5 | 17 |10.05| 4.0 | 695 | 692 | 183 
1845 12 | 61.3 | 66 | 24 |10 |10.80| 2.8 | 772| 715 | 138 
1833 13 | 586 | 97 | 2 | 1 |10.75| 3.2 | 778| 724 | 195 
1857 14 | 61.6 | 73 9 18 | 10.95} 3.2 | 807| 737 | 156 

Average 59.6 | 81 | 11.5] 74 | 12.2 | 28 | 796| 655 | 172.4 
| j 














We EATHERED 





























| | | | j | 
1888 1 | 58.2 | 62 | 30 | 8 | 12.95] 4.3 | 880| 680 | 182 
1878 2 | 545 | 60 | 25 15 |14.20; 1.9 | 910] 641 | 347 
1912 3 | 56.7 | 23 | 25 | 52 /|13.00} 1.7 | 818| 629 | 156 
1840 4 | 57.1 7 | 8 | 85 | 13.00} 3.3 | 863| 664 | 158 
1838 5 | 548} 18 | 42 | 40 | 14.35] 2.6 | 1025 | 714 | 116 
| } | 
1890 6 |ss7 {41 | 42 47 12.00} 3.2 | 815 | 679 | 185 
1895 7 | 58.7 | 63 | 27 10 |16.65| 1.2 | 923| 554 | 151 
1836 8 | 55.7 | 10 | 44 | 46 1|11.40] 3.8 | 770| 675 | 182 
1871 9 | 553] 18 | 28 | 54 /|10.65| 49 | 138 | 679 | 248 
1844 10 | 584 | 29 29 «| 42 10.50; 3.9 | 755| 719 | 145 
1900 11 | 55.7 | 10 | 22) | 68 | 10.35} 4.4 | 730] 705 | 145 
1846 12 | 54.8 | 20 41 | 39 {11.15} 3.3 | 828) 743 | 135 
1834 13 | 55.3} 5 7 88 | 9.95} 3.9 | 733| 737 | 176 
1858 14 | 57.1 | 29 12 | 59 | 10.25! 3.7 | 740| 722 | 145 
Average 56.3 | 26.1 | 27.3 | 46.6 | 12.2 | 3.3 | 822| 682 | 176.5 
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Fig. 2. Loaf volumes from weathered and nonweathered samples. 


this pair indicated that the unweathered sample was of the Turkey or 
Blackhull type and the weathered was characteristically Chiefkan. 
This explains why this pair is out of line with the others. 


Maltose Values in Relation to Weathering and Vitreousness 


Diastatic activities were determined on all the flour samples but 
the results did not seem to bear any direct relationship to the weather- 
ing. The maltose values of.the flours used in baking are found in the 
last column of Table VII. The average diastatic activity of the 


TABLE VIII 
DIASTATIC ACTIVITY IN RELATION TO WEATHERING AND VITREOUSNESS 














? Diastatic activity 
Sample group En |—_—_—_—— —_—_—— 

| Maximum Minimum | Average 
| meg mg | meg 
Nonweathered, millers’ 17 247 138 168 
Weathered, millers’ 17 264 116 | 155 
Nonweathered, farmers’ 26 292 104 | 193 
Weathered, farmers’ 21 347 88 182 
Vitreous 100% 6 292 195 246 
“a 75-100% 32 292 116 189 
7 50—- 74% 18 347 135 191 
” 25- 49% 15 171 104 154 


“ 0- 24% | 16 248 88 163 
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weathered samples was somewhat higher than that of the nonweath- 
ered, but not enough to account for the higher loaf volumes. 

The averages as well as the maximum and minimum figures for all 
the maltose values of the nonweathered and weathered as well as of 
four groups based on the percentages of internal vitreousness are given 
in Table VIII. These data indicate clearly that the weathering 
process as a whole did not increase the maltose values. The data also 
indicate that the maltose values in the highly vitreous kernels aver- 
aged higher than in those less vitreous. Among the farmers’ samples 
were six 100% vitreous. The maltose values of these ranged from 
195 to 292 and the average of the six was 246, which is considerably 
higher than any of the averages in Table VIII. 


Discussion 


Previous investigations (Swanson and Fenton, 1932; Swanson, 
1934, 1941a, 1941b) have indicated that the effect of water alone, if 
heating and mold growth do not occur, may increase the loaf volumes. 
If heating occurs, and as a rule this is accompanied by mold growth, 
the gluten structure is injured and the result is a lowering of loaf 
volumes. It was also shown (Swanson, 1935) that the maltose value 
is not increased unless a moisture content of about 30% or more per- 
sists over a considerable period. The increase in maltose value is 
apparently an accompaniment of the germination process. In only a 
few instances did the evidence from the maltose values indicate that 
these weathered samples had undergone the process of germination. 
That this process greatly increases the maltose value was shown in the 
investigation just cited. A wet harvest when combines are used 
produces results that are different from those with wheat exposed 
experimentally in shocks to wet weather. As long as the wheat is 
supported by the standing stems, the moisture from rain does not last 
long enough to start the process of germination which is likely to occur 
in the wetted shocks. 

Loaf volumes depend on the balance of the forces produced in the 
expanding gas bubbles, and on the resistance in the gluten mesh 
during dough fermentation and baking. If this resistance is too great, 
the gas is unable to effect the desired expansion with resulting de- 
creased volume and coarse texture. If the resistance is too small too 
much expansion takes place which also results in a too open texture. 

The treatment of the wheat grain with moisture, such as takes 
place in a wet harvest, has a mellowing effect on the gluten. The 
resistance is decreased and hence a larger loaf volume results from 
the same gas pressure. This mellowing apparently results from a 
slight weakening of the gluten strands, and the process is analogous 
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to what takes place in the natural aging which is known to improve 
the baking qualities of new wheat. Moisture and increased tempera- 
ture hasten this process. In weathering which occurs before the 
wheat is harvested, temperature is a negligible factor. Heating of 
wheat in a bin is dangerous since it may very easily go too far. 

These weathered wheats were then analogous to samples which 
were much older biologically than the nonweathered samples, but not 
‘too old to give good baking performance. 


Summary 


The latter part of the 1941 harvest season was unusually wet in 
Kansas. This afforded an opportunity to study the effects of wetting 
during harvest on grain grades, test weights, internal textures, and 
milling and baking values. Nonweathered and weathered wheat 
samples were obtained from millers and farmers. 

The most apparent effects of weathering were lowering of test 
weight, decreasing the external vitreous appearance, depressing the 
grade, decreasing the percentage of internal vitreousness, and increas- 
ing the percentage of the internal mealiness. 

The percentages of flour averaged as high from the weathered 
wheats as from the nonweathered, without a corresponding change in 
ash. There were no essential differences in the percentages of flour 
obtained from the different wheat grades. 

The mixograms indicated that weathering lengthens the time of 
dough development, slightly depresses the height of the curve, de- 
creases development angle and increases the tolerance angle, but 
decreases the angle of weakening. 

The loaf volumes, adjusted in protein, were larger for the weathered 
than the nonweathered with only one notable exception. In this 
instance the curve pattern indicated that the weathered wheat was 
Chiefkan and the nonweathered was Turkey or Blackhull. The larger 
loaf volumes of the weathered samples were not due to the higher 
maltose values, since differences between averages of nonweathered 
and weathered were not significant. The average maltose value of 
the flours from six 100% vitreous wheats was about one-third higher 
than the average of the weathered samples. 

The larger loaf volumes obtained from the weathered samples as 
compared with the nonweathered samples were due to changes similar 
to those which take place in aging, and which give an improvement 
over new wheat in baking qualities. 

The data presented indicate that weathered wheats which show 
no other damage are unduly penalized by the prevailing grain grading 
standards. 
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FACTORS WHICH INFLUENCE THE PHYSICAL PROPERTIES 
OF DOUGH. V. GLUTEN PROTEIN AS THE MAIN FACTOR 
AFFECTING THE PATTERN OF MIXOGRAMS' 


C. O. SWANSON and A. C. ANDREWS 


Kansas Agricultural Experiment Station, Manhattan, Kansas 


(Received for publication June 29, 1942) 


Recording dough mixer curves or “mixograms” (Swanson and 
Johnson, 1943), made with and without the presence of surface-active 
or wetting agents, were presented in a previous paper (Swanson and 
Andrews, 1942). The principal effects of the surface-active agents 
were to lengthen the time of development of the dough, decrease the 
angles of development and weakening slopes, and decrease the rate of 
breakdown of the dough. The view was expressed that these effects 
were results of the action of the surface-active agents on the protein 
and that their action may have been some form of protein denaturation. 
Reducing the interfacial tension would aid water penetration into the 
large polyhedral protein molecules. The protein deformation would 
be aided by the severe action of the pull-fold-repull type of mixing, 
causing the protein particles to change more to the laminar and the 
fibrillar forms, and thus facilitate the increase of the extent of surface 
of the three-dimensioned fibrillar gluten network in the dough. 

Water constitutes about 40% to 45% of the dough mass (Swanson, 
1937, p. 180). About one-half to two-thirds of this water is in the free 
condition (Skovholt and Bailey, 1935; Vail and Bailey, 1940). The 
presence of the surface-active agents in the water, probably in both the 


1 Contribution No. 89, Department of Milling Industry, and No. 275, Department of Chemistry. 
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free and the bound forms, could, because of their effect on adhesional 
tensions, contribute to the alteration of the mixogram characteristics. 

Probably the greatest effect of surface-active agents is on the pro- 
tein of gluten, as has been stated. That the percentage of protein in 
the flour is one of the principal factors influencing mixogram heights 
was shown by Swanson (1941) and also by Larmour, Working, and 
Ofelt (1939). The protein content and its inherent varietal quality 
had the greatest influence on the main mixogram patterns. The per- 
centage of protein in a dough made from average hard winter wheat 
flour is about 7% of the dough mass (Swanson, 1937, p. 180), yet its 
influence on mixogram patterns is apparently greater than that of the 
starch and also of the water when present in such amounts as to give 
the dough its proper consistency. Since starch constitutes about 40% 
of the mass of dough from average hard winter wheat flour, its influence 
should not be disregarded. 

The purpose of the investigation presented in this paper was to 
determine to what extent the main varietal patterns of mixograms are 
altered or persist when the gluten protein is weakened by admixture 
with starch, ethyl alcohol, or pyridine in the presence and absence of 
the surface-active agent Aerosol OT (Swanson and Andrews, 1942). 
The general plan was to determine the changes in the pattern of mixo- 
grams (1) by mixing varying amounts of wheat starch with high-protein 
Tenmarg and Chiefkan flours, (2) by successive additions of alcohol, 
and (3) by using mixtures of starch and finely ground dried gluten so 
proportioned as to produce the same protein content as the high- 
protein flours. The effect of the action of Aerosol OT was determined 
by its addition to all these combinations. Pyridine was used since it 
has no effect on starch but has a pronounced weakening effect on the 
gluten protein. 

The flours used were a 15.6% protein Tenmarg, a 15.6% Chiefkan, 
a series of Tenmargq flours decreasing in protein from 15.3% to 7.9%, 
and a series of Chiefkan decreasing in protein contents from 14.6% 
to 8.7%. The dried glutens and the corresponding starches were 
obtained from the two high-protein Tenmarq and Chiefkan flours. 
The wheat starch was furnished by the Huron Milling Co., Huron, 
Michigan. 


Mixogram Patterns as Influenced by Admixture of Increasing Amounts 
of Starch and Alcohol 


The effects on mixogram patterns of lowering the protein content by 
successive additions of wheat starch and also of weakening the protein 
by adding alcohol are shown in Figure 1. The flours were the high- 
protein Tenmarq and Chiefkan. The proportions of flour and starch, 
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percentage of absorption, milliters of 95% alcohol and water used are 
given in the legend for Figure 1. 

The most apparent effect of the addition of starch was the successive 
lowering of the heights of the mixograms. The time of development 
or minutes to reach the top was not changed within each variety, but 
between varieties the time of development for Tenmarq was signifi- 
cantly over twice as long as for Chiefkan, indicating that the time of 
development was affected almost wholly by quality and practically 
not at all by quantity of the gluten protein. The effect of alcohol was 
similar to that of starch in lowering the heights of the mixograms, ex- 
cept that the tops were made more round by the larger amounts of 
alcohol and the time of development was noticeably shortened for 
Tenmarq but not for Chiefkan. There was also a greater smoothness 
from the use of the 5 and 7 ml of alcohol. The disintegrating action of 
alcohol made the liquid properties associated with viscosity more 
prominent than the solid properties associated with plasticity. 

The effect of the starch is due to decreasing the density or quantity 
of gluten strands in the three-dimensioned gluten mesh in the dough, 
while the effect of alcohol is from a weakening of the mesh. Alcohol 
has a dispersing or solvent effect on gliadin, one of the main con- 
stituents of gluten. 

When the proportion of flour became 5 parts to 30 of starch (last 
mixograms of lines 1 and 3, Fig. 1) the plastic and viscous properties of 
the starch were so prominent as to conceal all influence of the gluten 
protein. The time of development was only that required to inter- 
mingle the water with the starch and the small amount of flour. When 
the proportion of flour was 10 parts to 25 of starch (mixograms in 
lines 1 and 3, No. 6), the influence of the gluten was evident. In the 
ratio of 10 to 25, the calculated protein content was 4.46% and hence 
near the lower limit at which dough characteristics are shown in a 
mixogram from a mixture of high-protein flour and wheat starch. 

In a previous paper (Swanson and Andrews, 1941, Table 3 and 
Fig. 4) it was shown that the developing and weakening slopes almost 
disappeared in the mixograms from the lowest-protein flours, or those 
in the range of 8% or 9%. This effect indicates that the gluten protein 
in a low-protein flour behaves differently from the gluten protein from 
a high-protein flour in a mixture of flour and starch in dough develop- 
ment. Markley (1938) states that ‘It would appear that at least 7% 
of protein must be present if there is to be a continuous gluten structure 
throughout the dough at mobility levels normal to bread doughs.”’ 
He implies that at this protein level in the flour there is a formation of 
a more or less complete film or envelope of protein over the surface 
of the starch granule. The principle of dough handling by the farino- 
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graph, used by Markley, is different from the pull-fold-repull type of 
mixing in the National Swanson-Working mixograph. 

The differences between the mixogram patterns of Tenmarq and 
Chiefkan, which persist after dilution of the gluten protein with starch 
or after weakening with alcohol, indicate that these patterns are deter- 
mined by differences in the characteristics inherent in the gluten pro- 
teins of these varieties. 


Influence of Absorption on Mixtures Containing High Starch Ratios 


The amount of water absorption in mixtures of 5 parts flour and 
30 parts starch has a marked influence on the characteristics of the 
mixograms (lines 5 and 6, Fig. 1). The mixograms numbered 2 in lines 
5 and 6 were made with the same absorption as was used for the mixo- 
grams numbered 1, which were made from the flour alone. Mixograms 
numbered 3, 4, and 5 were made with 2% successively decreasing 
absorptions. When the absorption was 70% (the same as for the flour 
alone, mixograms in lines 5 and 6) snnicieeniiiaiia little resistance was 
offered to the moving pins after water was incorporated in the mixture. 
The first upswing was due to the resistance of the dry areas in the 
mixtures. As the amount of absorption was decreased the viscous and 
plastic properties became more apparent, as shown by the wider swing 
of the pen. That there may have been some influence from the small 
amount of protein, 2.23%, is shown in the narrowing of the last part 





_ Fig.1. Effects of wheat starch and alcohol on mixogram patterns. The grams of flour are 
indicated by the first figures of the ratios, the grams of starch by the second figures. 


TENMARQO + STARCH 


Row No. Curve No. 1 2 3 4 5 Gs .. 7 
1. Flour-starch ratios 35-0; 30-5; 25-10; 20-15; 15-20; 10-25; 5-30 
Absorption % 70 69 68 67 66 65 63 
TENMARQO + ALCOHOL 
2. Curve No. 1 2 3 4 5 6 7 
Alcohol ml! 0 1 2 3 4 5 7 
Water ml 24.55 23.55 225 21.5 205 19.5 17.5 
CHIEFKAN + STARCH 
3. Curve No. 1 2 3 4 5 6 7 
Flour-starch ratios 35-0; 30-5; 25-10; 20-15; 15-20; 10-25; 5-30 
l Absorption % 70 69 68 67 66 65 64 
CHIEFKAN + ALCOHOL 
4. Curve No. i 2 3 4 5 6 7 
Alcohol ml 0 1 2 3 4 5 7 


Water ml 23.8 22.8 21.8 208 19.8 188 16.8 
TENMARQ, LARGE STARCH RATIOS, DECREASING ABSORPTION 


5. Curve No. 1 2 3 4 5 6 7 8 
Flour-starch ratios 35-0; 5-30; 5-30; 5-30; 5-30; 3-32; 2-33; 1-34 
Absorption % 70 70 68 66 64 64 64 64 

CHIEFKAN, LARGE ST — - ATIOS, ~— ABSORPTION 

6. Curve No. 3 5 6 7 8 
Flour- ens ratios 35-0; 5-30; 5-30; S- $0; 5-30; 3-32; 2-33; 1-34 
Absorption % 70 70 68 66 64 64 64 64 

STARCH ALONE, 35 GRAMS 

Se Curve No. 1 2 3 4 5 


Absorption % 66 68 70 70 70 
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(mixograms 4 and 5 of lines 5 and 6). This is also shown in the last 
mixograms of lines 1 and 3. The influence of 3, 2, or 1 grams of flour 
in the mixture was not apparent in the mixograms (Nos. 6, 7, and 8, 
lines 5 and 6). 


Mixograms from Starch Alone 


Mixograms in line 7 (Fig. 1) were made from starch and water. 
With 66% absorption (mixogram 1) the mixture was too dry and would 
cling to the bowl. At several intervals the machine was stopped and 
the mixture worked away from the side. The result was a few up- 
swings of the pen and then the mixture again clung to the side of the 
bowl. That this behavior continued for a much longer time than is 
normally used in making mixograms was learned in several trials. 
The plastic properties appeared when the absorption was increased, 
as shown in mixograms 2 to 5, line 7. These, however, disappeared 
when the absorptions became too large. 

It was found difficult to determine the absorptions which would 
produce the characteristics of mixogram 1, line 7, and of mixograms 2 
to 5, line 7. The exposure of the starch to the atmosphere was a 
factor, since mixograms with the same absorptions varied on different 
days. Thus mixogram 8 in lines 5 and 6 had 64%, while 66% for 
mixogram 1 in line 7 was too dry. Mixtures which appeared very dry 
at the start, such as produced the last mixograms in lines 5 and 6, 
gradually developed plastic properties. The depths or thicknesses of 
the water films on the starch granules, which produce patterns similar 
to No. 1, line 7, and Nos. 2, 3, and 4, line 7, differ in an extremely 
narrow range. 

The wide mixograms, obtained with little or no gluten proteins 
present, show that the width is not related to elastic properties of the 
dough but depends on the plastic properties. This has also been shown 
by Markley (1937). The magnitude of the width is determined also 
by the spring tensions and the viscosity of the oil in the shock absorber 





of the mixograph. 


Effect of Aerosol OT on the Mixograms Made from Mixtures of 
High-Protein Flours and Starch 


The mixograms in Figure 2 show the effect of Aerosol OT, with the 
same flour and starch ratios as were used for those in lines 1 and 3 of 
Figure 1. The first line of mixograms under each variety (Fig. 2) 
were made with flour, starch, and water. Those in the second line 
under each variety show the effects of 40 mg of Aerosol for each one 
and those in the third line, the effect of 50 mg. 
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The effects of surface-active agent were longer time of development, 
less steep developing and weakening slopes, and a tendency to lessen 
the rate of breakdown in the dough. The effects of the surface-active 
agents on the flour-and-starch mixtures were similar but not identical 
to the effects on flours of decreasing protein content (Swanson and 
Andrews, 1941). 

That the surface-active agent acts mainly on the gluten protein 
and not on the starch is indicated by the persistence of the differences 
in patterns between Chiefkan and Tenmarg mixograms, not only after 
dilution with starch but also under the influence of the surface-active 
agent. 




































Effects of Aerosol OT on Flours of Decreasing Protein Contents and 
on Mixtures of High-Protein Flour and Starch of Corresponding 
Protein Contents 


To investigate further whether the influence of the surface-active 
agent was mainly on the gluten protein, the mixograms in Figures 3 
and 4 were obtained. Those in Figure 3 were made on a series of 
Tenmarg and Chiefkan flours of decreasing protein percentages. The 
protein percentages as well as the water absorptions for both varieties 
are given in the legend for Figure 3. The mixograms in the first row 
under each variety were made with flour and water and the second row 
for each variety was made with flour, water, and 50 mg of Aerosol OT. 
The absorptions were adjusted so that the top of the one with the 
highest protein content would reach near to the top of the chart. 
For each of the lower proteins the absorptions were reduced in order 
to give doughs of desired consistency as shown by the mixograms. 
These mixograms are similar to some shown in the previous investiga- 
tion (Swanson and Andrews, 1942). It is evident that, although the 
surface-active agent changed the pattern of the mixograms of both 
Tenmarg and Chiefkan, the differences between the varieties persist. 

The mixograms in Figure 4 were made from mixtures of starch with 
the 15.6%-protein Tenmarq and Chiefkan flours so proportioned that 
a series for each variety would be obtained which would have protein 
contents corresponding to the flours used for those in Figure 3. The 
mixograms in the top rows in Figure 4 under each variety were made 
with flours and the additions of 0, 20, 40, and 60 mg of Aerosol OT, 
respectively. Those in the rows below the top row were made with 
the flour-and-starch mixtures just mentioned, and the additions of 
Aerosol OT in the same amounts as for the top rows. The calculated 
protein contents of the flours and the mixtures as well as the absorp- 
tions used are given in the legend for Figure 4 
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The absorptions of the flour-and-starch mixtures were higher than 
of the flours of corresponding protein contents used for the mixograms 
in Figure 3. This was apparently due to the fact that the two flours 
used in making the flour-and-starch mixtures were higher in absorption 
than was the absorption of the highest-protein flours, which were em- 
ployed for the mixograms in Figure 3. The absorption of the starch 
itself in these mixtures was also a factor. 

The mixograms in Figures 3 and 4 show that when a high-protein 
flour was mixed with starch so as to decrease the protein content, the 
characteristics of the mixograms were not the same as those obtained 
from flours of the same protein content as the mixture. Mixograms of 
the lowest-protein flour, Tenmarq, are almost horizontal (Fig. 3). 
When the protein was reduced to the same level by mixing with starch 
(line 7, Fig. 4) the developing and weakening slopes remained distinct. 
There was also a greater tendency toward narrowing in the last half of 
those from the flour and starch mixtures, especially those of Tenmarq. 
In the mixograms from the flours (Fig. 3) the time to reach the top 
gradually increased as the protein content decreased. In the flour- 
starch mixtures (Fig. 4) no such increase in time of development is 
noted. This shows a fundamental difference in the behavior in mixing 
of protein from these high- and low-protein flours. The low-protein 
flours require more time than the high-protein flours for physical 
development. It is apparently not the small quantity of protein in 
the low-protein flours that is responsible for a longer time to reach the 
top. The difference is in the quality of the proteins. This also indi- 
cates that low-protein flours synthesized by mixing starch with high- 
protein hard wheat flour will not have the same handling qualities as 
the naturally low-protein flours. 

Progressively longer times were required to reach the top with 
increasing amounts of Aerosol OT (Fig. 4), but this time did not 
become shorter as the protein content of the flour-starch mixtures was 
decreased. There was a greater tendency for the mixograms of mix- 
tures of flour and starch (Fig. 4) to become narrow in the last half than 
for those made from the flours sHown in Figure 3. The time to reach 
the top was more than twice as long for Tenmarg as for Chiefkan for 











Fig. 4. Effects of Aeresel OT on flour and on flour and ~—"_ mixtures adjusted so as to have 
the same protein contents as the flour used for the curves in Fig. 3 





TENMARQ CHIEFKAN 
Row Protein in flour Absorp- Protein in flour Absorp- 
No. or mixtures tion or mixtures tion 
oY oy or oO 
‘0 /0 40 /0 
1 15.6 70 15.6 70 
2 15.3 70 14.6 69 
3 13.3 69 13.1 69 
4 11.8 68 10.8 o8 
5 10.8 67 9.3 68 
6 9.3 67 8.7 67 
7 7.9 67 
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all the mixograms from the mixtures both without and with the various 
additions of Aerosol. Thus to a large extent the characteristics of 
those made from flour alone persist in the flour-and-starch mixtures, 
which shows that it is the gluten protein that determines the patterns. 


Mixograms from Mixtures of Dry, Finely 
Pulverized Gluten, and Starch 


The mixograms presented in the preceding discussion indicate very 
strongly that the characteristics inherent in the gluten protein deter- 
mine the main pattern, and also that a wetting agent similar to Aerosol 
OT acts principally on the gluten. Additional evidence was obtained 
from mixograms on mixtures of dry, finely pulverized gluten and starch. 

Gluten was washed from doughs made from the 15.6% protein 
Tenmarg and Chiefkan flours. By washing the dough in a large bow! 
most of the starch could be recovered in three changes of water. The 
assembled starch-water was passed through a Sharples supercentrifuge 
which obtained the starch as well as the water-dispersible protein in 
a pasty condition. This starch was easily dried by being placed in a 
shallow layer in front of a fan, after which the lumps were ground to 
pass a 10XX flour sieve. 

The wet gluten mass was picked into small pellets about the size 
of peas and spread on waxed paper, such as is used in wrapping bread, 
and allowed to air-dry. The pellets, resembling dried glue, were 
ground to pass a 10XX flour sieve. It was noticed that the pellets 
from Tenmarg and Chiefkan glutens behaved differently when resting 
on the waxed paper. Those from Chiefkan flattened out more and 
had a smoother surface, while those from Tenmarq were humped up 
and had a rippled surface. Protein content of the gluten and the 
starch obtained from these flours are given in Table I. 


TABLE I 
PROTEIN IN THE GLUTEN AND STARCH FROM TENMARQ AND CHIEFKAN—AIR-DRY 











- Protein 

Tenmargq gluten 78.20 

Tenmarg starch 0.79 
Chiefkan gluten 7 

1.79 


Chiefkan starch 


The gluten and starch were mixed in ratios that approximated the 
protein content of the flour alone, 35—0, and of the flour and starch 
mixtures 25-10 and 15-20, used for mixograms 1, 3, and 5 in Figure 2. 
The approximate protein percentage of the gluten and starch mixture 
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corresponding to 35-0 was 15.6%, that of 25-10, 11.1%, and that of 
15-20, 6.7% protein. 

The check mixograms obtained from flour and water, and from the 
gluten and starch mixtures, without and with the addition of 40 mg of 
Aerosol OT for each mixogram, are given in Figure 5 and the propor- 
tions as well as the absorptions are given in the legend for this figure. 
The checks were from the flours. Those in the three pairs of rows on 
the left side were from Tenmargq flour and from Tenmarg gluten-starch 
mixtures. Those in the three pairs of rows on the right side were from 
Chiefkan flour and from Chiefkan gluten-starch mixtures. The first 
one in each line was made from flour, the other three from gluten 
mixtures. The mixograms in the first line of each pair were made 
without Aerosol OT and those in the second line with 40 mg of Aerosol. 
For those in the upper pairs, plain wheat starch was used in the mixture, 
and for the two middle pairs, the starch obtained from the same flours 
as the glutens. For the mixograms in the lower two pairs, Chiefkan 
starch was used with Tenmarq gluten and Tenmarg starch with the 
Chiefkan gluten. The details of the quantities used are indicated in 
the legend for Figure 5. 

It is apparent that the mixograms obtained from Tenmarg gluten 
and wheat starch are characteristically different from those obtained 
from Chiefkan gluten and wheat starch. The Tenmarq gluten pro- 
duced mixogram characteristics associated with Tenmarg flours, and 
the Chiefkan gluten produced characteristics associated with Chiefkan 
flours. This indicates that, in addition to the preceding evidence, the 
characteristics of the gluten determine the patterns of the mixograms. 
The additions of Aerosol OT to the gluten and starch mixtures result in 
effects similar to those produced by the flours. 

The starch and gluten mixtures, however, do not give exactly the 
same characteristics as obtained from the flours. This can be seen by 
comparing the first mixogram in each line with the second, which had 
an equivalent amount of protein. When the amounts of gluten were 
decreased and the amounts of starch increased in the mixtures, the 
heights were lowered similarly to those shown in Figures 2 and 4. 

There were also variations in the effects of the different starches. 
The pure wheat starch did not give the same pattern as was obtained 
from the starches obtained from the flours. The Tenmarq starch 
produced greater variations from the pure starch than did Chiefkan 
starch. The addition of Aerosol OT did not conceal the differences 
due to the two glutens. It should be noted that the starches from 
these two flours contained a considerable amount of protein, and also 
that the protein contents of the two glutens (Table I) indicate that 
they contained a considerable amount of starch. From the method 
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used in the gluten and starch separations, it is inevitable that a con- 
siderable portion of the water-soluble protein would be lost in the water 
removed by the centrifuge. It is clear, however, from these trials, that 
the patterns of the mixograms from these varieties are determined 
mainly by the characteristics inherent in the gluten proteins. 


Effect of Pyridine on Mixograms 


Pyridine is an organic liquid which has no chemical effect on starch 
and hence it was thought worth while to ascertain what effects its 
presence would have on the mixogram patterns. Different amounts 
of a mixture of 85 ml of pyridine and 15 ml of water were added in 
making the mixograms. The same Tenmarg and Chiefkan flours and 











Fig. 5. Comparison of mixograms from flours and from gluten and starch mixtures. 


TENMAROQ GLUTEN + WHEAT STARCH 
Aerosol OT 


mg. 
0 Grams gluten Check 7.0 5.0 3.0 
Grams starch 28.0 30.0 32.0 
Absorption % 70 70 68 66 
40 Grams gluten Check 7.0 5.0 3.0 
Grams starch 28.0 30.0 32.0 
Absorption % 70 70 68 64 
TENMARQ GLUTEN + TENMARQ STARCH 
0 Grams gluten Check 6.8 4.8 2.8 
Grams starch 28.2 30.2 32.2 
Absorption % 70 70 68 64 
40 Grams gluten Check 6.8 4.8 2.8 
Grams starch 28.2 30.2 32.2 
Absorption % 70 70 68 66 
TENMARQ GLUTEN + CHIEFKAN STARCH 
0 Grams gluten Check 6.8 4.8 2.8 
Grams starch 28.2 30.2 32.2 
Absorption % 70 70 68 66 
40 Grams gluten Check 6.8 48 2.8 
Grams starch 28.2 30.2 32.2 
Absorption % 70 70 68 66 
CHIEFKAN GLUTEN + WHEAT STARCH 
0 Grams gluten Check 7.5 5.4 3 
Grams starch 27.5 29.6 31.8 
Absorption % 72 72 70 68 
40 Grams gluten Check 7.5 5.4 3.2 
Grams starch 27.5 29.6 31.8 
Absorption % 72 70 70 68 
CHIEFKAN GLUTEN + CHIEFKAN STARCH 
0 Grams gluten Check 7 5 3 
Grams starch 28 30 32 
Absorption % 72 72 68 66 
40 Grams gluten Check 7 5 3 
Grams starch 28 30 32 
Absorption % 72 72 68 66 
CHIEFKAN GLUTEN + TENMAROQ STARCH 
0 Grams gluten Check 7 5 3 
Grams starch 28 30 32 
Absorption % 72 70 68 66 
40 Grams gluten Check 7 5 3 
Grams starch 28 30 32 


Absorption % 72 70 68 66 
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their glutens, as well as the same wheat starch as was employed for 
those in Figure 5, were used. 

The mixograms obtained are shown in Figure 6 and the proportions 
of materials are given in the legend. The upper three lines of mixo- 
grams represent Tenmarq and the next three lines Chiefkan, both 
15.6% protein. The first one in each line was made without pyridine, 
and the remaining four curves were made with the additions of 1, 2, 
3 and 5 ml of pyridine mixture, respectively. The mixograms in the 
first line under each variety were made with flour, those in the second 
line with starch and gluten used in such amounts that the mixture had 
the same protein content as the flour. The third line of mixograms 
under each variety was also made with the mixtures of starch and 
gluten, but also 50 mg of Aerosol for each mixogram. The absorption 
for all these was 70%, except for the mixture of Chiefkan gluten and 
starch, which was 72%. 

Pyridine has a disintegrating effect on wheat gluten. The presence 
of 3 and 5 ml of pyridine mixture made a plastic mass instead of a 
dough. That this was due to its effect on the protein is indicated by 
the same general results on the gluten and starch mixtures as on the 
flours. That Aerosol OT exerts its effect in the presence of pyridine 
is shown by the similarities of the general patterns of the curves in 
lines 3 and 6 to those given in Figure 5, in which Aerosol OT was 
present. 

Summary and Conclusions 


The mixograms obtained from mixtures of high-protein flours with 
starch, arranged to provide a series of samples of decreasing protein 
contents, differed markedly from those obtained from flours of the 
same protein contents as the mixtures. It appears that the gluten 
in high-protein flours reacts somewhat differently in mixing from the 
gluten of low-protein flours. Mixograms made with mixtures of finely 
ground gluten and starch had the same general | pattern as those made 








Fig, 6. Effects of pyridine on mixogram patterne- pyridine mixture added for each mixogram 
0, 2, 3, and § ml, respectively, except line 7. 


Line No. TENMARO 
1 Flour, pyridine—70% abs. 
2 Gluten-starch mixtures + pyridine—70% abs. 
3 Gluten-starch mixtures + pyridine + Aerosol OT-—70°% abs. 
CHIEFKAN 
4 Flour, pyridine—70% abs. 
5 Gluten-starch mixtures + pyridine—72°; abs 
6 Gluten-starch mixtures + pyridine—72°;% abs 
STARCH ALONE 
7 Wheat starch Wheat starch Tenmarq starch 
68% abs. + 3 ml pyridine — 64% abs. 
— 68% abs. 
Tenmargq starch Ch. starch Ch. starch 
+ 3 ml pyridine — 62° abs. + 3 ml pyridine 


- 64% abs. — 62% abs. 
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from mixtures of high-protein flours and starch. The mixograms from 
Chiefkan gluten and starch had patterns similar to those obtainéd from 
Chiefkan flour and similarly with Tenmargq flour. 

Pyridine has a disintegrating effect on gluten. The additions of 
small but increasing amounts produced mixograms similar to those 
obtained from flours of progressively decreasing protein contents. 
Pyridine added to gluten and starch produced the same general pattern 
as was obtained from its addition to flours. 

The mixograms presented in the various figures indicate very 
clearly that gluten-protein is the main factor in the determination of 
patterns of mixograms and also that the surface-active agent Aerosol 
OT has very little if any effect on the starch. The reduction of the 
interfacial tensions in the dough by the surface-active agent appears 
to be a factor in promoting inter-spreading among the starch granules 
and intra-penetration of the water into the protein micelles or gluten 
particles. 

It can be concluded from this investigation that the starch has very 
little if any influence on the main mixogram patterns, and that the 
gluten-protein is the main factor. 
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TESTING THE BAKING STRENGTH OF GLUTEN 
CONCENTRATES' — 


T. R. AITKEN and J. ANSEL ANDERSON 


Grain Research Laboratory, Board of Grain Commissioners 
for Canada, Winnipeg, Manitoba 


(Read at the Annual Meeting, May 1942) 


The linear relationship between loaf volume and protein content, 
expressed as a coefficient of regression, has been widely used in studies 
of wheat quality, and should serve as a satisfactory tool for examining 
the baking strength of gluten concentrates. If several concentrates 
are to be compared, each can be used to fortify one or more base 
flours at different protein levels, and the’ resulting data can be used 
to determine the regression coefficients for each gluten and the sig- 
nificance of possible differences between them. The essence of such a 
method is that a statistical analysis is used to obtain an objective 
and quantitative interpretation of the data. The first investigation 
made in this laboratory, involving the use of this procedure, is de- 
scribed in this paper. 


Materials and Methods 


Twenty-four high-grade Western Canadian hard red spring wheats 
of the 1941 crop, ranging in protein content from 11.2% to 16.7%, 
on which milling and baking data were available, were used in this 
study. Nine wheats from the lower protein range were composited 
to give a flour (A) of 11.5% protein; eight wheats from the inter- 
mediate protein range were composited to give a flour (B) of 13.3% 
protein; and seven wheats from the higher protein range were com- 
posited to give a flour (C) of 15% protein. Gluten concentrates 
(protein content about 63%) were prepared from flours A, B, and C, 
by the method of Aitken and Geddes (1938). Each base flour was 
fortified with each of the three glutens at nine levels to cover a range 
of approximately 3%. Thus there were nine sets of samples, repre- 
senting combinations of three base flours and three glutens. A single 
loaf was baked for each sample by the malt-phosphate-bromate pro- 
cedure, absorption being determined with the aid of the farinograph. 
The dried glutens were weighed out and added to the flours without 
preliminary treatment. Protein levels of the fortified flours were 
calculated from data on the protein contents of the base flour and 
added gluten. The ten loaves for each set were baked in random 
order on the same half day. The order in which bakings were made 
for the nine sets of samples was randomized among half days. 





1 Published as Paper No. 198 of the Associate Committee on Grain Research (Canada). 
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Results and Discussion 





The correlation and.regression coefficients for loaf volume and pro- 
tein content for the gluten-fortified flours and for the original 24 flours 
were calculated in the usual manner and are recorded in Table I. 







TABLE I 


CORRELATION AND REGRESSION COEFFICIENTS FOR LOAF VOLUME AND 
PROTEIN CONTENT 






Correlation Regression 









Combination coefficient coefficient 
ce loaf tol 
per 1% of protein 
Original 24 flours + .98 70 











Flour A plus: 























Gluten A + 93 33 
Gluten B + 94 43 
Gluten C +91 31 


Flour B plus: 


Gluten A + .88 30 

Gluten B + .84 37 4 

Gluten C + .88 27 
Flour C plus: 4 

Gluten A + 94 45 

Gluten B + .92 41 

Gluten C + .92 


37 f 





All correlation coefficients are well above the value required for a 1% : 
level of significance. The regression coefficients for the fortified flours ] 
show a minimum value of 27 and a maximum value of 45, the mean 
being 36. This mean value is considerably lower than the regression 
coefficient for the original flours, 70. Application of the ¢ test shows 5 


that this difference is significant, ¢ having a value of 8.41 as compared 
with a required value of 2.63 for a 1% level of significance. It is thus 
apparent that the average difference in the loaf volumes of natural 
flours differing in protein content by 1% is about twice as great as 1 
the average increase in loaf volume obtained by increasing the pro- 
tein content 1%, by adding dried gluten of the type used in this study. 
This difference indicates that gluten concentrates made by the Aitken- Ba 
Geddes method are materially damaged during preparation. 

The homogeneity of the regression coefficients for the nine sets of 
fortified flours was examined by means of the analysis of residual 
variance shown in Table II. The F value failed to attain the 5% 
level of significance. Thus in spite of the fact that 90 loaves were 
baked, the investigation did not demonstrate significant differences 
between the strength-imparting properties of the glutens or between 
the effects of different base flours on the regression coefficients. It 
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rABLE Il 
ANALYSIS OF RESIDUAL VARIANCE OF REGRESSION COEFFICIENTS FOR LOAF 
VOLUME ON PROTEIN CONTENT FOR GLUTEN-FORTIFIED FLOURS 


Degrees of Mean 








Variation due to freedom square 
Differences among the nine 

individual regressions 8 392.8 
Deviations from individual 

regressions 72 355.5 


F value found, 1.14; required for 5% level, 2.06. 


should be noted, however, that it cannot be concluded that either the 
glutens or the base flours are identical in their effects. 

The failure to obtain positive results stems from an attempt to 
obtain too much information from a given number of bakings. Thus 
if the 90 loaves had been used to study the fortification of a single 
flour with two glutens, it seems probable that any real differences in 
quality between the glutens would have been established. In a study 
of the kind attempted it is apparently advisable to use both a greater 
protein range and more levels of fortification. Both changes will 
increase the precision of the regression coefficient. It should be noted 
that baking duplicate loaves for each level of fortification is less ad- 
vantageous than increasing the number of levels and baking single 
loaves. The latter procedure provides a more rigorous test since it 
takes full account of the total experimental error. It also yields a 
maximum number of degrees of freedom for purposes of examining the 
statistical significance of differences between regression coefficients. 


Summary 


It is shown that the average difference in loaf volume (70 cc) of 
natural flours differing in protein content by 1% is about twice as 
great as the average increase (36 cc) obtained by increasing protein 
content 1% by adding dried gluten prepared by the Aitken-Geddes 
method. Differences in quality were not demonstrated between 
glutens prepared from high, medium and low protein wheats, but 
further replication may show that such differences exist. 
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THE PREPARATION AND DECOLORIZATION OF CEREAL 
EXTRACTS FOR NICOTINIC ACID DETERMINATION 


ESTELLE HAUSMAN, LAWRENCE ROSNER, and HowArD J. CANNON 
Laboratory of Vitamin Technology, Chicago, Illinois 


(Received for publication July 16, 1942) 


In the past few years several papers have been published on 
methods of chemical determination of nicotinic acid in biological 
material. ° The basis of all these methods is the production of a 
colored compound when nicotinic acid reacts with cyanogen bromide 
in the presence of certain amines. A source of difficulty, however, 
is the fact that part of the nicotinic acid may occur in the form of 
nicotinamide or its derivatives, which are biologically active. Since 
these compounds do not react with the color reagents in the same 
manner as does the free acid, they must first be hydrolyzed to the 
acid. The hydrolysis is carried out by heating the test material in 
strong acid or alkali. In the case of cereals this often gives rise to a 
large amount of pigments, and it is in the treatment of the solution 
to eliminate or to circumvent the effect of these pigments that the 
various methods diverge. 

Kodicek (1940) has added acetone or alcohol to precipitate the 
pigment from the colored solution, the organic solvent being subse- 
quently evaporated off. Melnick and Field (1940), Melnick, Oser, 
and Siegel (1941), and Waisman and Elvehjem (1941) adsorbed most 
of the pigment on Darco charcoal, the remaining color then being 
corrected for colorimetrically as a blank. These workers claim that 
under the prescribed conditions the charcoal adsorbs pigment but not 
nicotinic acid. Arnold, Schreffler, and Lipsius (1941), instead of re- 
moving the pigment, carried out the color reaction and used a selective 
solvent, ethyl acetate, to extract the color produced. Friedemann 
and Barborka (1941) have found zinc hydroxide precipitation to be 
useful in clearing hydrolysates of blood, urine, and feces. Perlzweig, 
Levy, and Sarett (1940) have shown that nicotinic acid can be ad- 
sorbed on and eluted from Lloyd’s reagent, and have advocated this 
procedure together with lead hydroxide precipitation for decoloriza- 
tion of solutions for nicotinic acid determination. Dann and Handler 
(1941) applied this principle to the determination of nicotinic acid in 
animal tissues. These investigators further emphasized the desira- 
bility of using solutions for the color reaction as free from pigment as 
possible. They showed that the pigments may themselves react with 
the reagents to increase the color production, thus exaggerating the 


apparent nicotinic acid value. We have studied the method of these 
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workers and have found it, with modification, to be applicable to the , 
determination of nicotinic acid in cereals. In our hands more nearly 

colorless solutions were obtained by this method of decolorization 

than by any other we have tried. 

The danger of hydrolyzing cereal samples directly without pre- 
liminary extraction has been pointed out by Kodicek (1940), and by 
Waisman and Elvehjem (1941). Most workers have carried out the 
extraction with water in an autoclave or a boiling-water bath. We 
have found in the case of cereals, however, that gelatinization of the 
starch makes the resulting mixture difficult to handle. Bina, Thomas, 
and Brown (1941) have suggested the use of takadiastase at this point. 
But since this increases the color produced during hydrolysis, we have 
found it expedient to extract with tenth-normal sulfuric acid. For 
hydrolysis of the extract, Kodicek (1940) has shown 8% sulfuric acid 
to be sufficiently strong. 

For the final color development we have used a modification of the 
method of Melnick and Field (1940) and Waisman and Elvehjem 
(1941), employing aniline as the amine. Dann and Handler (1941) 
claim that metol is more specific than aniline, but we have found this 
reagent to be rapid and satisfactory. 


Experimental 


To a sample of the finely divided material containing 100-500 ug 
of nicotinic acid in a 100-ml volumetric flask is added 75 ml of 
0.1N H2SO,, and the mixture is placed in a boiling-water bath for one 
hour. The flask is agitated frequently during this period. At the 
end of the extraction period the contents of the flask are cooled and 
made to volume. The mixture is centrifuged and 20 ml of the super- 
natant pipetted into a 50-ml centrifuge tube. Enough concentrated 
H.SO, is added to make the solution 1.6N (0.88 ml) and the tube is 
heated in a boiling-water bath for one hour. The contents of the 
tube are adjusted to pH 0.5—1.0 with 65% NaOH using methyl violet 
as an outside indicator. 

Two and a half grams of Lloyd’s reagent is then added and the 
contents of the tube are stirred for at least one minute. This is 
centrifuged and the supernatant discarded. The Lloyd’s reagent is 
washed twice with 10-ml portions of 0.2N H2SOu,, centrifuged, and the 
supernatant discarded. The tube is inverted after the final washing 
and allowed to drain well. Twelve milliliters of 0.5N NaOH is then 
added and the contents stirred for one minute or longer. This is 
followed by 8 ml of H.O to make the volume of fluid 20 ml. 

The contents of the tube are well mixed and centrifuged. The 
supernatant is poured into another centrifuge tube containing 0.72 g 
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of powdered Pb (NQs3)2 and stirred well. This is centrifuged and the 
supernatant poured into a third clean, dry centrifuge tube. One drop 
of phenolphthalein is added, then solid Ks;PQO, until the solution is 
pink, followed by just enough 20% HsPQ, to bring the solution to 
neutrality. One drop should be sufficient. After centrifuging, the 
clear supernatant is used for the color reaction. 

For the color reaction the method we use is essentially that of 
Melnick and Field (1940). In their method the final solution was 
one-third alcohol. To 3 ml of this solution were added the cyanogen 
bromide and aniline. To determine the color produced by a standard 
quantity of nicotinic acid they added 0.1 ml of alcohol containing 
10 wg of the acid to the 3 ml of unknown. In our procedure 2 ml of 
solution is used, and to this is added 1 ml of alcohol, followed by the 
cyanogen bromide and aniline. For the determination of the color 
produced by a known amount of nicotinic acid, we substituted for the 
1 ml of alcohol, 1 ml of an alcoholic solution of nicotinic acid, con- 
taining 10 ug. We have found 95% alcohol to be as satisfactory as 
absolute so far as the reaction and stability of nicotinic acid are con- 
cerned. In our experiments the Evelyn photoelectric colorimeter was 
used for color measurement. Application of the method of decolori- 
zation described above to a large number of cereals gave color blanks 
with L values (2 minus log galvanometer reading) seldom exceeding 
0.0088. Nicotinic acid values for a number of cereals as determined 
by this method are shown in Table I. 


TABLE I 

COMPARISON OF NICOTINIC AcID VALUES OBTAINED BY HYDROLYSIS OF CEREAL 
EXTRACTS WITH 1.6N H2SO, with THOSE OBTAINED BY DIRECT 

HYDROLYSIS OF THE WHOLE SAMPLE WITH 4N HCl 


Hydrolysis of extract Total hydrolysis 





Sam ple with 1.6 N HeSO« with 4N HCl 
ug per g ug pers 

1. Whole wheat A 65 63 
2. Whole wheat B 59 61. 
3. Whole wheat bread - 64 
4. White flour A 13.7 18.0 
5. White flour B 12.9 16.6 
6. Yellow corn meal 13.3 20.2 
7. White corn meal 10.5 11.2 
8. Corn flakes 15.4 17.3 
9. Rye crackers 29.2 29.2 
10. Brown rice 56 60 
11. Rice polish — 468 
12. Rolled oats A 24.0 25.2 
13. Rolled oats B 21.2 -— 
14. Soy-wheat bread 22.7 
15. Roasted soy beans 38.5 
16. Peanut flour 361 
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Since hydrolysis of the whole sample with strong HCI has been 
suggested by a number of investigators we thought it of interest to 
compare values obtained by this method with those by the method 
described. These results are also shown in Table I. In most of the 
experiments hydrolysis of the whole sample with 4N HCI gave final 
solutions with as little color as those after hydrolysis of the extract 
with 1.6N H2SO,. However, in the case of two products, white flour 
and yellow corn meal, the solution for the final color reaction contained 
an appreciable amount of yellow pigment when the whole sample was 
hydrolyzed with 4N HCl, the LZ values of the color blanks ranging 
from 0.0362 to 0.0555. Coincidentally, these samples (4, 5, and 6) 
gave significantly higher nicotinic acid values by this method than 
by the hydrolysis of the extract with 1.6N H2SO,;. This bears out 
the contention of Dann and Handler (1941) that a colored solution 
may exaggerate the nicotinic acid value. In the method of Melnick, 
Oser, and Siegel (1941) for determination of nicotinic acid in flour and 
bread, the final solution frequently has a considerable amount of color. 
We feel this to be an objection to the charcoal adsorption procedure. 

It might be argued that the higher nicotinic acid values are nearer 
the truth as the result of a more drastic extraction procedure. To 
test this possibility we extracted white flour by the usual method, 
hydrolyzed the extract with 4N HCI and found the same colored solu- 
tions and exaggerated values as when the whole samples were hydro- 
lyzed. We also hydrolyzed white flour and yellow corn meal directly 
with 1.6N H.SO, and obtained colorless solutions, and nicotinic acid 
values no higher than those obtained by hydrolysis of the extract with 
this acid. This shows that the factor causing color and enhanced 
values was the use of 4N HCl, and not the direct hydrolysis. The 
possibility of routinely dispensing with preliminary extraction and 
using direct hydrolysis with 1.6N HsSO, is under investigation. 

Hydrolyses of white flour directly with 4N H2SO, and with 1.6N 
HCl were also carried out. In each case the nicotinic acid values 
were increased in proportion to the amount of pigment present in the 
solution. Hydrolysis with 1.6N HCI gave a solution with a very 
slight color, while 4N H2SO, gave somewhat more. The pigment re- 
sulting from hydrolyses with 4N H2SO,, however, was not nearly as 
great as that from 4N HCI, indicating that this effect is more pro- 
nounced with hydrochloric than with sulfuric acid. 

Two typical recovery experiments are shown in Table II. While 
the recovery of added nicotinic acid is good, it must be borne in mind 
that good recovery is no guarantee of completeness of extraction. 
It is, however, an indication that no significant amount of nicotinic 
acid is lost in the purification procedure. 
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TABLE II 
RECOVERY OF Nicotinic Actp ADDED TO SAMPLES OF WHITE FLOUR 
Nicotinic acid found Recovery 
ug % 
10 g white flour 1 152 — 
10 g white flour 1 plus 100 yg nicotinic acid 246 94 
10 g white flour 2 148 — 
10 g white flour 2 plus 100 ug nicotinic acid 243 95 
Summary 


A method is described for preparing colorless solutions of cereal 
extracts for nicotinic acid determinations. This method is based on 
adsorption on and elution from Lloyd’s reagent, followed by treatment 
with lead hydroxide. Nicotinic acid values for various cereals, as 
determined by this method, are presented. 

Evidence is presented indicating that the use of 4N HCI for hy- 
drolysis may give colored solutions and exaggerated nicotinic acid 
values for some cereals. 
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STABILITY OF WHEAT GLUTEN DISPERSIONS TOWARD 
REDUCING AGENTS IN THE PRESENCE AND ABSENCE 
OF A GLUTEN PROTEINASE 
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Western Regional Research Laboratory, Bureau of Agricultural Chemistry and 
Engineering, U. S. Department of Agriculture, Albany, California 


(Read at the Annual Meeting, May 1942) 


As part of a comprehensive program of wheat protein research in 
this laboratory, methods for obtaining stable gluten dispersions were 
required in order to ensure against alterations of the proteins during 
the extended time periods that might be involved in fractionation 
operations. 

Numerous investigators have commented on the instability of glu- 
tens in alkaline solutions (Blish and Sandstedt, 1929, and others). 
According to Larmour and Sallans (1932), the most satisfactory method 
for separating wheat proteins was that first proposed by Blish and 
Sandstedt (1925), utilizing the solubility and relative stability of the 
gluten proteins in dilute acetic acid. However, Rose and Cook (1935) 
observed appreciable decreases in the viscosities of such gluten solutions 
with time, which they interpreted as indicating instability of the pro- 
tein in the solvent. In a later article, the same authors (Cook and 
Rose, 1935) reported hydrolytic changes in acetic acid dispersions of 
gluten. They found that dispersions of greater stability could be 
obtained with two neutral reagents, urea and sodium salicylate, and 
that the latter was particularly useful for fractionation purposes. 

In the present series of investigations, it was observed that the loss 
in viscosity of acetic acid dispersions of gluten could be prevented by 
heating to near boiling temperature for a few minutes. It may be 
concluded, therefore, that the hydrolytic changes in the unheated 
dispersions were due to a proteolytic enzyme which was destroyed by 
heat treatment. Not only did the heating of the gluten dispersion in 
acetic acid produce no coagulation or precipitation, as previously ob- 
served by Cook and Rose (1935), but there was also no evidence from 
salting-out behavior that the gluten properties had been significantly 
altered. 

As a further objective of the research program, the effects of various 
reagents on the properties of gluten are being studied. The results 
with reducing reagents are of interest in connection with a controversial 
issue concerning the nature of the rapid and pronounced softening 
action produced when small quantities of certain reducing agents 
(cysteine, glutathione, sulfide, etc.) are added to bread dough. J¢r- 
gensen (1936) and Balls and Hale (1936a) independently suggested 
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that this action was attributable primarily to an activation of a flour 
proteinase by the reducing agent. On the other hand, Balls and Hale 
(1936b) and Ford and Maiden (1938), using different experimental 
approaches, suggested that the effect of the reducing agents was not 
explainable entirely on the basis of proteinase activation. Incon- 
trovertible evidence for either viewpoint has been lacking. 

The availability of gluten that has been freed from proteinase 
activity without apparent loss of its essential and distinctive properties 
makes it possible to obtain evidence bearing directly on this issue. It 
has now been found that reducing agents produce characteristic effects 
upon gluten im the complete absence of any proteinase as will be described 
below. 


Experimental Methods 


Gluten was obtained from commercially milled unbleached bakers’ 
flour, the starch being removed by manipulation in tap water in the 
usual manner. Dispersions in acetic acid, sodium salicylate, and urea 
were made by adding the washed gluten to predetermined amounts of 
the solvent in the Waring Blendor, followed by separation of the 
remaining starch and a small fraction of insoluble protein in a Sharples 
supercentrifuge. 

Viscosities were measured in modified Ostwald viscometers at 
24.8°C. Unless otherwise indicated, storage experiments. also were 
run at this temperature. The usefulness of the Sérenson formol titra- 
tion method was extended by the step of adding, just prior to the titra- 
tion, solid urea to the extent of approximately 20% of the aliquot used. 
This technique ' prevents the precipitation of gluten during the addi- 
tion of the alkaline titrating solution. The nonprotein nitrogen frac- 
tion was determined in duplicate after precipitation of the proteins 
with 10% trichloroacetic acid (final concentration). A semimicro 
Kjeldahl method was used for the determination of nitrogen; where 
conversion to protein was required, the 5.7 factor was employed. In 
order to subject gluten dispersions to approximately 100°C tempera- 
ture, the samples, in small test tubes with slotted cork stoppers, were 
placed in a steam bath for the required length of time. A glass elec- 
trode was used for pH determinations. 


Demonstration of the Enzymatic Nature of Gluten Decomposition in 
Dilute Acetic Acid Dispersion 


Gluten dispersions in acetic acid solution (0.01-0.1) showed a 
decrease in viscosity and accumulated increasing amounts of non- 
protein nitrogen components on standing, as shown previously by Rose 





1 Suggested by Dr. Hans Lineweaver. 
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and Cook (1935; Cook and Rose, 1935). In addition, there were 
measurable increases in the alkali required for the formol titration, 
indicating the liberation of amino groups. However, when the original 
gluten solutions were heated for 5 to 10 minutes at 100°C, viscosity, 
formol titration, and nonprotein nitrogen remained constant or changed 













only slightly as compared to the unheated dispersion. The results of 
such observations for a dispersion in 0.1N acetic acid are shown in 
Figure 1. 
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Fig. 1. Changes in unheated and heated (10 min at 100°C) acetic acid (0.1 N) dispersions of 
gluten (6.3 mg N per ml) upon standing at 25°C. Formol titration data are expressed in terms of ml 


of 0.1 N NaOH required per g of gluten. 
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In order to determine whether the enzyme responsible for these 
changes was capable of hydrolyzing heat-treated gluten dispersions, 
the decreases in viscosity of mixtures of heated and unheated gluten 
dispersions were followed. In all cases, the loss in viscosity was greater 
than that calculated on the assumption that the unheated portion only 
was undergoing change (Table I), indicating that the enzyme was 
affecting both heated and unheated proteins. 










TABLE I 


RELATIVE Viscosity CHANGES IN MIXTURES OF UNHEATED AND HEATED! 
GLUTEN DISPERSIONS? AT 25°C 







| - | 
















Dispersion 1 hr 45 hrs | 122hrs_ | 169 hrs 
Unheated 4.4 3.2 2.6 2.5 
Heated 4.6 — _ 4.6 
Unheated + heated (1: 1) calc.’ 4.5 3.9 3.6 3.5 
Unheated + heated (1: 1) found 4.4 3.7 3.0 2.9 
Unheated + heated (1 : 4) calc. 4.5 4.3 4.2 4.2 
4.5 4.0 3.5 3.3 





Unheated + heated (1 : 4) found 








! Heated 10 minutes at 100°C. 

? Contained 8.11 mg N per ml in 0.1N acetic acid; pH, 3.7. 

* Calculated on the assumption that the relative viscosities were additive. The differences 
between the calculated and found viscosities are larger than the inaccuracies inherent in such an 
assumption. 










Further analysis of such data by the method of O. Bodansky 
(1937), as illustrated in Figure 2, showed that for any specific change in 
the viscosity of mixtures of heated and unheated gluten dispersions 
the product of the concentration of unheated gluten and time was 
approximately constant. This relation holds only for enzyme systems 
in which the course is not complicated by side reactions. It may 
therefore be concluded that (1) the drop in viscosity is due to an enzyme 
present in the unheated gluten, (2) the enzyme reacts upon heated 
gluten as well as upon the unheated protein and (3) the rate of diges- 
tion of the heated gluten is the same as that of unheated gluten. It is 
realized that measurements of enzyme activity in terms of viscosity 
change are difficult but the consistency of the data and the fact stated 
previously, that the decreases in viscosity were greater than could be 
accounted for by changes in the unheated gluten alone, would seem 
to validate the conclusions in this case. 




















Effect of Heat on Gluten Dispersions 

There was-no detectable coagulation observed when either acetic 
acid or sodium salicylate (10%) dispersions of gluten were heated at 
100°C for 5 to 30 minutes. A comparison of salt-precipitation curves 
for unheated dispersions and for dispersions heated 5 to 10 minutes 
suggested that no significant changes in solubility had occurred. 
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Fig. 2. The interchangeability of time and proteinase concentration (unheated gluten con- 
centration) with regard to the change in relative viscosity of mixtures of heated and unheated gluten 
dispersions (see also Table I). 


Gluten recovered from the heated solutions by salting out with mag- 
nesium sulfate possessed the kneadability and elasticity of the original 
protein. As shown above, heated dispersions of gluten were attacked 
by the gluten proteinase at rates equal to those shown by unheated 
dispersions. These combined observations strongly suggest that the 
heat treatment of gluten dispersions in dilute acetic acid or sodium 
salicylate does not cause extensive denaturation in the commonly 
understood definition. On the other hand, it is well known that sub- 
jecting gluten, not in dispersion, to similar conditions results in irre- 
versible changes. It may be observed that short-time heat treatment 
caused variable, relatively small changes in the viscosity of the gluten 
solutions. In some cases, as in Figure 1, the viscosity was increased; 
in others, as in Figure 3, it was decreased. The significance of these 
findings is being investigated more fully. 











92 STABILITY OF WHEAT GLUTEN DISPERSIONS Vol. 20 


Solubility of the Gluten Proteinase - 


Numerous attempts to prepare enzyme-free gluten by intensive 
washing of the gluten using successive disintegrations (Waring Blendor) 
in dilute salt solutions or distilled water, or by repeated re-solution in 
acetic acid and reprecipitation by salt or alkali addition, were not suc- 
cessful in removing the enzyme. The final products, after solution in 
dilute acetic acid, showed decreases in viscosity at rates comparable 
to the original glutens. In fractionations of washed gluten, the enzyme 
was found to follow the glutenin rather than the gliadin fraction. The 
apparent lack of solubility of the gluten proteinase in dilute salt solu- 
tions or water may differentiate it from the flour proteinase previously 
described (Hale, 1939) which is dispersed in these solvents. 


Reversible Inactivation of Gluten Proteinase 


Cook and Rose (1935; Rose and Cook, 1935) showed that disper- 
sions of wheat gluten in 10% sodium salicylate were stable as indicated 
by viscosity and nonprotein nitrogen changes. Recently McCalla and 
Gralén (1942) found that the sedimentation behavior of a wheat gluten 
dispersion in sodium salicylate (8%) had not changed after standing 
for two months. In the present series of investigations, it was deter- 
mined that the formol titration also did not change, at least for seven 
days at 25°C. The gluten proteinase is therefore inactive in 10% 
sodium salicylate. In order to determine whether such inactivation or 
inhibition was reversible, a sodium salicylate dispersion was dialyzed 
until the salicylate was completely removed. The precipitated gluten 
was then redispersed in acetic acid. A fall in viscosity with time, 
characteristic of the presence of the enzyme, was observed. However 
when the salicylate dispersion was heated at 100°C for 10 minutes prior 
to the dialysis, the viscosity of the subsequent acetic acid dispersion 
remained relatively constant. The enzyme is thus reversibly inac- 
tivated in 10% sodium salicylate. Permanent inactivation can be 
affected by heating the enzyme in the reversibly inactivated state. 

Acidification of a salicylate gluten dispersion to pH 4.8 without 
precipitation was possible in the presence of 20% urea. Such a 
solution showed no drop in viscosity with time, whereas in the absence 
of the salicylate, a decrease in viscosity did occur. It is evident that 
the inhibition of the enzyme by the salicylate ion is specific and not due 
to the higher pH value (7.0) of sodium salicylate solutions. 

The inactivity of the gluten proteinase in 10% sodium salicylate 
differentiates it from commercial papain, the activity of which was 
readily demonstrated in such an environment. Other papain-type 
proteinases were not investigated. One drawback in the use of salicy- 
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late dispersions for gluten investigations is indicated by these observa- 
tions. Whenever, in subsequent manipulations, the salicylate is re- 
moved, the enzyme will again function as a modifying agent on the 
protein system. 

Sosedov, Vakar and Drozdova (1940) have suggested the use of 
sodium salicylate (12%) dispersions of gluten as substrates for the 
assay of the enzyme activity of wheat samples. The present observa- 
tions indicate that only proteolytic enzymes having properties differing 
from those of the gluten enzyme could be thus detected. Such en- 
zymes apparently occur in germinated and probably in infested grains. 


Effect of pH on Gluten Proteinase Activity 


Because the original viscosities of the gluten solutions are them- 
selves affected by pH, it is difficult to use changes in viscosity at dif- 
ferent pH levels as a measure of the pH-enzyme activity relationship. 
Figure 3 shows that the viscosity of an acetic acid dispersion increases 
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Fig. 3. Effect of pH on original viscosity and subsequent change of viscosity with time of gluten 
dispersions (4.82 mg N per ml) in acetic acid. pH 3.0 corresponds to 0.6 N acetic acid, pH 3.6 to 0.1 N 
acetic acid, and pH 4.1 to 0.025 N acetic acid pee ately. The dotted lines represent the changes 
in viscosity of heated samples (10 min at 100°C 


as the pH is lowered from 4.1 to 3.0. Although the more viscous 
solutions are more drastically affected by the enzyme, this may be the 
result of the physical state of the protein, and does not necessarily 
indicate increasing rates of hydrolysis. However, formol titration 
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results show that the enzyme is most active at a comparatively low 


pH (3-4). 


Effect of Reducing Agents on Gluten Dispersions Free From 
Enzyme Activity 

Two systems were available for investigation: salicylate and heat- 
treated acetic acid dispersions. In the first case the enzyme was ' 
temporarily inactivated because of its environment; in the second case 
it had been permanently inactivated by heat. In both cases, imme- 
diate and drastic decreases in viscosity followed the addition of dilute 
solutions of cysteine, monothioglycol, sodium bisulfite, and potassium 
cyanide. That the decrease in viscosity could not be attributed to 
enzymatic activity was definitely indicated by the constancy of the 
formol titration. Some of the results are indicated in Tables II and 
III and Figure 4. 

TABLE II 


COMPARISON OF ENZYMATIC CHANGE IN UNHEATED GLUTEN DISPERSION WITH 
EFFECT OF MONOTHIOGLYCOL ON HEATED GLUTEN 
DISPERSION AT 25°C! 


Relative viscosity Formol titration * 


| 
| 
Dispersion ee 








iz 
| 1 hr | 42 hrs | 0 hr | 42 hrs 
__s. 


Gluten | 4.0 | 13 | 2.0 
Heated gluten * | 46 | ao t Be 
| 3.9 | 1.14 | 1.1 


Heated _ + 0.01M prartenneendi 


1! All solutions contained 6.3 mg N per ml in 0.1 N acetic acid, pH 3.7. 

2 As ml 0.1 N NaOH required per g of gluten. 

3 Heated 5 minutes at 100°C 

4 The presence of thioglycol results in a decrease in titratable acid. 
group which reacts with formaldehyde, releasing alkali. 


Thioglycol has an acidic SH 


TABLE III 


EFFect oF Sopium BIsuLFITE (0.004.7) on A HEATED GLUTEN DISPERSION IN 
0.01N Acetic Acip at 40°C! 








Time after Relative Time after Relative 
addition viscosity addition viscosity 
min min 
0 3.0 10 2.53 
2 2.86 14 2.49 
4 2.72 31 2.34 
6 2.63 44 2.29 
8 2.59 





1 In contrast, sodium bisulfate in the same concentration caused no similar progressive decrease 


in viscosity. 
Effect of Reducing Agents on the Gluten Proteinase 
As shown in Table IV, thioglycol caused a slight increase in the 
rate of hydrolysis of gluten by its proteinase in 0.1N acetic acid. This 
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Fig. 4. Effects of a reducing agent (monothioglycol, 0.01 M) on unhe ated and heated (10 min 
at 100°C: ) gluten dispersions (6.3 mg N per ml) in acetic acid (0.1 N) at 25°C. 


result was observed also with the other reducing agents previously 
mentioned. The activation with all reducing agents was relatively 
unimportant in degree. 

Discussion 


The occurrence of proteolytic activity in flours is now accepted, and 
the properties of a flour proteinase have been described by Balls and 
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TABLE IV 


ErreECcT OF MONOTHIOGLYCOL AS ACTIVATOR FOR GLUTEN PROTEINASE 


Formol titration ? Nonprotein nitrogen? 
Dispersion = 
1 hr 237 hrs 18 hrs 240 hrs 
Gluten ! 1.3 3.8 2.8 11.3 
Gluten + thioglycol (0.01.1) 1.2 4.6 3.5 12.7 


'In 0.1 N acetic acid, pH 3.7, contained 6.3 mg N per ml final concentration. 
2? As ml of 0.1 N NaOH per g of gluten. 
* As percentage of total nitrogen. 


Hale (1936a), Jdérgensen (1936), Hale (1939) and others. That a 
proteinase is closely associated with gluten and cannot be washed out 
has not, however, previously been reported. It remains to be deter- 
mined whether the gluten enzyme differs in other respects from the 
flour proteinase previously described. 

The importance of the gluten enzyme in baking technology is 
problematical. The activity is so weak, even after activation, that it 
is doubtful whether it can play an important role. That the enzyme is 
more active in the pH range 2 to 4, than in that ordinarily encountered 
in doughs, tends to confirm such an interpretation. 

Jorgensen (1936) and Balls and Hale (1936a) (see Hale, 1939, also) 
suggested independently that the remarkable softening effect of reduc- 
ing agents on doughs and glutens could be attributed to their activation 
of native proteinases, although the latter authors pointed out that a 
direct chemical effect on the gluten could not be ruled out. The 
present evidence shows that, in addition to their activation of native 
proteinases, reducing substances exert profound changes on gluten in 
dispersion even though (1) the gluten proteinases have been destroyed 
by heat or (2) the gluten proteinases have been entirely inactivated in 
the presence of 10% sodium salicylate. It may be concluded, in 
confirmation of the suggestion of Ford and Maiden (1938) (see also 
Balls and Hale, 1936), that the effect of reducing agents in glutens ‘and 
flours is primarily a chemical one on the protein molecule and only 
secondarily that of activating the native proteinases present. The 
possibility that the increased digestibility of gluten by papain-type 
enzymes in the presence of reducing agents may be due in part to the 
altered gluten, rather than to a specific activation of the enzyme, 
deserves consideration. 


Summary 


Gluten dispersions in dilute acetic acid may be stabilized by heating 
for 5 to 10 minutes at 100°C. The solubility characteristics of the 
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gluten proteins are not appreciably altered, but an enzyme (proteinase) 
responsible for the instability is destroyed. The proteinase is inac- 
tivated or inhibited in 10% sodium salicylate but activity is restored 
and the proteinase-induced hydrolysis continues if the salicylate is 
removed. Reducing agents increase the enzymatic hydrolysis slightly 
but they also drastically reduce the viscosity of gluten freed from 
enzyme activity by heat or by the presence of 10%) sedium salicylate. 
It is concluded that the primary effect of reducing agents on glutens 
is a chemical one upon the proteins and only secondarily that of enzyme 
activation, and it is suggested that a similar explanation may be 
applied to the effect of reducing agents, but not necessarily oxidizing 
agents, on doughs. 
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MINNESOTA SPRING AND WINTER WHEAT 
VARIETIES ' 
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In evaluating the quality of new wheat varieties produced by plant 
breeders, laboratory studies are carried out on individual samples and 
the results compared with those obtained with varieties of established 
commercial value grown under the same environmental conditions. 
Baking tests using different formulas and procedures are employed 
which under ideal conditions are designed not only to reveal the in- 
herent strength of the sample but also to secure measures of mixing, 
length of fermentation, and oxidation requirements necessary to obtain 
an optimum loaf. In a recent paper Geddes (1941) has expressed the 
view that a new variety should give satisfactory and, preferably, opti- 
mum results in milling and baking when processed in the same manner 
as the ‘‘standard variety,” if it is to meet with ready acceptance by the 
trade. Definite inferiority in any one important quality characteristic 
is generally regarded as sufficient to render a variety unsuitable for 
release even though it is superior to the standard in certain particulars. 
In other words the new wheat must yield a flour which is “ well- 
balanced”’ in regard to the various attributes of quality. 

Not infrequently, hybrids of superior agronomic characteristics are 
produced which tests indicate to be of lower strength or to possess 
certain baking properties which depart somewhat from those of the ac- 
cepted standard. Under such circumstances it is difficult indeed to 
reach a decision. Commercially, such a variety would show consider- 
able variation in characteristics as a result of being grown under various 
soil and climatic conditions and would normally be milled in mixtures 
with other varieties or classes of wheat. It may be argued with con- 
siderable justification that it would be to the miller’s advantage to have 
wheat varieties available which differ in certain inherent quality charac- 
teristics such as mixing requirements and dough handling properties. 
By judicious wheat selection and blending he would be in a better 
position to produce uniform flour of the desired characteristics, for the 
various classes of trade which he serves. 

The question arises as to whether laboratory tests conducted on 
pure varieties are fully adequate indices of the commercial value. 
Minor variations from the standard in- baking characteristics may not 
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be discernible in blends. Moreover, different varieties when blended 
may complement each other, thereby producing a flour of superior 
baking properties to that which would be predicted from a knowledge 
of the characteristics of the individual components. There is little 
information in the literature on this subject although the writings of 
English cereal chemists indicate that there are considerable differences 
in the compatibility of different world wheats in blends. Larmour 
(1931) included a blend formula in a study of the relation between 
wheat protein content and loaf volume of the flours milled therefrom. 
In an effort to secure more useful information regarding the carrying 
power of Canadian wheats when used in such representative blends 
as European millers and bakers employed, Geddes (1935) introduced 
a blend formula in the routine testing of average samples of the various 
grades of the Western Canadian wheat crop. In both these studies, 
the flour under investigation constituted 50% of the blend. In view 
of the almost limitless number of blends which may be prepared and 
the difficulties involved in interpreting the results, it is not at all sur- 
prising that little work of this nature has been reported. 

The authors were led to undertake the preliminary series of blend 
baking tests reported here in an effort to secure additional information 
which might be of value in reaching a decision as to whether a new 
rust-resistant, high-yielding hard red spring wheat variety named 
Merit should be distributed. Tests in several laboratories indicated 
that this variety was of low strength but there was a question as to the 
adequacy of the methods since the application of several baking formu- 
las by one laboratory indicated that the variety possessed relatively 
higher inherent strength when baked by a commercial-type formula. 
It seemed that its inherent strength might better be revealed by meas- 
uring its carrying power for Minnesota hard winter wheat flours in 
comparison with other spring wheats as controls. While these blend- 
ing studies are limited in scope and are of a preliminary nature, they 
are presented as an indication of the possible value of this technique 
in variety studies. 

Experimental 

Composite samples of three experimentally milled spring wheat 
flours representing Merit (strain 3), Thatcher and a Thatcher back 
cross were each blended with 25, 50, and 75% of a winter wheat flour, 
experimentally milled from a Minnesota-grown’® Minturki back cross. 
Similar blends were prepared with two of the spring wheat flours, 
namely Thatcher and the Thatcher back cross. The protein contents 
of the flours, expressed on a 15% moisture basis were: Thatcher 12.9%, 
Merit-3 13.1%, Thatcher B.C. 14.8%, and Minturki B.C. 12.7%. 
The original flours and blends were baked by the regular A.A.C.C. 
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formula, as outlined in Cereal Laboratory Methods (4th ed., 1941), but 
with the addition of 0.001% potassium bromate. A differential baking 
procedure, involving two mixing times of 2 and 4 minutes in the 
Hobart-Swanson mixer, and two fermentation periods of 2 and 3 hours, 
was used. Two hundred grams of flour was mixed each time and two 
150-gram doughs, one for each fermentation time, scaled off immedi- 
ately after mixing. The doughs were punched in the National dough 
sheeter and baked in the low-form tins described by Markley (1940). 
All bakings were made in duplicate on different days with the exception 
of the blends of the two spring-wheat flours for which insufficient 
material was available. 

The mean loaf volumes obtained are represented graphically in 
Figure 1. It is evident that the unblended flours as a group differ 
appreciably not only in general strength but also in the extent and 
nature of their responses to the different mixing and fermentation times 
employed. Thus the mean loaf volumes for all treatments combined 
are 800 cc for Thatcher, 789 cc for Thatcher B.C., 684 cc for Merit-3, 
and 758 cc for Minturki B.C. All the varieties gave their lowest 
volumes with 4 minutes of mixing and 3 hours of fermentation, but 
of the spring wheat flours, Merit showed the least variation with treat- 
ment and the Thatcher back cross the greatest. The winter wheat 
Minturki B.C. gave very similar loaf volumes for all other treatments, 
although a short mixing and fermentation requirement is suggested by 
the fact that it gave its greatest volume with 2 minutes of mixing and 
2 hours of fermentation. In contrast, Thatcher required 4 minutes of 
mixing and 2 hours fermentation to produce its best loaf. Thatcher 
B.C. gave an optimum loaf volume with 2 minutes of mixing and 2 
hours of fermentation, indicating that this wheat is more similar to the 
winter wheat variety than Thatcher in its mixing and fermentation 
requirements. As Merit yielded its best loaf with 2 minutes of mixing 
and 3 hours of fermentation, this variety appears to be characterized 
by requiring a longer fermentation time than any of the others. 

Markley (1937) has emphasized the importance of employing a dif- 
ferential baking test which will give a rough measure of the mixing, 
fermentation, and oxidizing requirements of the flours under study. 
As exemplified by the present results, the application of this principle 
has proved very useful in variety testing at this institution. While 
more extensive studigs employing various mixing and fermentation 
times are obviously necessary to establish definitely the optimum 
requirements for a given flour, the differentials employed are sufficient 
to show major departures in these respects from the ideal which is 
being sought. This information is always considered in conjunction 
with the absolute volumes which are taken as a measure of strength. 
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Turning now to a consideration of the loaf data obtained for the 
blends, these do not appear to bear a strictly additive relationship to 
the volumes of the two components; while the extent of the departure 
varies somewhat with the varieties, its magnitude and also its direction 
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Fig. 1. Loaf volumes of individual flours and blends for different baking treatments. 


are more influenced by the baking procedure. Thus the average dif- 
ference between the observed and calculated volumes of the 25%, 50%, 
and 75% blends was +31, +14, and +23 cc for Thatcher, Thatcher 
B.C., and Merit-3, respectively, when baked after 2 minutes of mixing 
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and 2 hours of fermentation. For 2 minutes of mixing and 3 hours of 
fermentation the corresponding divergences were +27, +40, and +18 
cc; for 4 minutes mixing and 2 hours of fermentation —23, —8, and 
+2 cc, respectively; and for 4 minutes of mixing and 3 hours of fer- 
mentation +5, +15, and —18 cc, respectively. The question arises 
as to whether or not these differences between the observed and ex- 
pected values represent real departures from linearity. Unfortunately, 
there are not sufficient data available for any one blend and baking 
procedure to determine with any degree of precision whether curves 
would fit these data better than straight lines. However, several of the 
differences between the observed and calculated values exceeded twice 
the standard error for the particular baking procedure employed. 
In other cases, such as the Thatcher and Minturki B.C. blends mixed 
2 minutes and fermented 3 hours, the divergence is positive for all the 
mixtures, although no individual blend gave a significantly greater 
loaf volume than the calculated value. While it cannot be stated that 
complementary effects have been demonstrated the data are suggestive. 

It is of particular interest to note the influence of the baking method 
on the direction and magnitude of the apparent departure of the loaf 
volumes of the blends from purely additive functions of the volumes 
of the component flours. These results indicate that the demonstra- 
tion of complementary effects will depend both upon the properties of 
the wheats or flours under study and the baking methods employed. 
Where a strong wheat or flour exhibits ‘carrying power”’ or ‘‘reserve 
strength”’ for a weaker one, it is probable that the baking procedure 
employed is more nearly optimum for the blends than it is for either of 
the two components. On the other hand, where the baking method 
is more nearly optimum for the components than for the blends, the 
blend values would be expected to be less than those calculated on an 
additive basis. 

These results must be regarded as preliminary in nature and are 
presented merely as an indication of the utility of employing differen- 
tial baking procedures in evaluating wheat and flour strength and 
blending properties. ¢ 

Summary 

Flours representing three spring wheat varieties, Thatcher, a 
Thatcher back cross, and Merit, and one winter wheat variety, 
Minturki back cross, were baked by a differential procedure employing 
mixing times of 2 and 4 minutes and fermentation times of 2 and 3 
hours. Flour blends containing 25%, 50%, and 75% of the winter 
wheat flour were made with each of the spring wheat flours and baked 
by the same procedures. 
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The relative strength of the unblended flours, arranged in decreasing 
order, as indicated by the average loaf volumes for all treatments, was: 
Thatcher, Thatcher back cross, Minturki back cross, and Merit, but 
the varieties differed markedly in their response to the different baking 
procedures. Merit and Minturki back cross exhibited the least dif- 
ferences between the various treatments and Thatcher back cross the 
greatest. The use of differential baking treatments in variety testing 
is valuable in providing an indication of the mixing and fermentation 
requirements. 

Loaf volumes of the blends did not appear to be proportional to the 
calculated values based on the volumes of the component flours, the 
direction and magnitude of the divergences depending to a large extent 
on the baking procedure. 

The studies must be regarded as preliminary in nature but are 
indicative of the utility of differential baking procedures in evaluating 
wheat and flour strength and blending properties. 
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THIAMIN IN PRODUCTS OF COMMERCIAL 
RICE MILLING ! 


M. C. Kik 
Agricultural Chemistry Department, University of Arkansas, 
Fayetteville, Arkansas 


(Received for publication July 7, 1942) 


Several publications (Nordgren and Andrews, 1941; Conner and 
Straub, 1941) have reported the thiamin contents of cereal grains other 
than rice. In those papers the importance of cereals as a dietary source 
of thiamin has been emphasized. 

This investigation deals with the thiamin content of rice, which is 
the main cereal crop in the Orient and an increasingly important one 
in the southern states. It has. been known to be a good source of the 





1 Research paper No. 746 Journal Series, University of Arkansas, published with the approval of 
the Director of the Arkansas Agricultural Experiment Station. 
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anti-beri beri vitamin since the experiments of Eijkman (1889) and of 
Grijns (1901). However, no intensive investigation has been made 
of the fate of thiamin during the commercial milling process. 

As the first step in milling (Reed and Liepsner, 1917) hulling stones 
remove the hulls from the previously cleaned rough rice, leaving brown 
rice and the hulls. By friction, part of the bran layer from the outside 
kernel and most of the germ are removed from the brown rice with the 
aid of hullers. First-break huller rice is obtained with first-break bran 
as a by-product. The kernels are next conveyed to a second set of 
hullers, which remove more bran and leave second-break huller rice 
and second-break bran. In some mills, in addition, a pearling cone is 
also used in this step, which gives pearling-cone rice and a by-product 
which is called pearling-cone polish or pearling-cone meal. 

In order to remove more of the inner coat and to give the rice a 
smoother finish, it is removed to the so-called brush. The products 
here obtained are brush rice and brush polish. 

The rice milling, then, consists of the removal of hulls and outer and 
inner-bran layers in order to obtain a product of suitable appearance 
and attractiveness. The milled, clean rice is now separated into dif- 
ferent grades. The unbroken kernels are known as head rice, which is 
given a high finish with the aid of a small amount of glucose and talc. 
The broken kernels are known as second heads, screenings, and brewer's 
rice. 

Experimental 


Samples of the same mill lots, gathered at suitable time intervals, 
were obtained during the milling season of 1941-42 from various rice 
varieties.2, Others were taken from the same variety of different mill 
lots in order to find out possible differences due to the milling or to 
other environmental factors. Samples of the following varieties and 
mill lots were investigated : Supreme Blue Rose, medium grain variety, 
mill lots 551 and 606; Early Prolific, medium grain variety, mill lots 569 
and 663; Fortuna, long grain variety, mill lot 635; Lady Wright, long 
grain variety, mill lot 768; and Improved Blue Rose, medium grain 
variety, mill lot 778. All of the samples were from rice varieties grown 
in fields which were not fertilized and which were irrigated by well 
water. The varieties were grown in Arkansas except Improved Blue 
Rose, which was grown in a Louisiana field. 

The samples were analyzed for thiamin hydrochloride by the thio- 
chrome method, with the adaptation of the Hennesy and Cerecedo 
procedure (1939). The method as used in our laboratory is briefly as 
follows: Samples of 1 to 15g (depending on vitamin content) are sus- 





2 Samples were obtained from the Walton Mill, Inc., Stuttgart, Arkansas. 
? As carried out in the laboratories of Merck and Co., Rahway, N. J. 
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pended in 75 ml of 0.1N H2SO,; autoclaved in a pressure cooker for 
20 minutes at 15 pounds pressure,-cooled, adjusted to pH 4.0 to 4.5 
with 2N sodium acetate solution with brom cresol green as indicator. 
Five ml of 10% takadiastase solution is added, mixed, and incubated 
at 50°C for at least 14% hours. After incubation the mixture is cooled, 
made up to 100 ml, and filtered. Aliquots of the clear extracts are used 
for the thiamin determination. 

Thiamin occurs in two forms, in the free form and in the bound form 
as a pyrophosphoric ester or cocarboxylase. The bound form is 
changed to the free form with the aid of an enzymatic hydrolysis, and 
the two forms make up the total thiamin of the sample. A test without 
enzymatic hydrolysis gives the amount present in the free form and the 
difference between this and the total represents the thiamin present 
in the bound form. Values for both free and bound thiamin have been 
determined for one set of samples. The thiamin content is expressed as 
micrograms per gram of dry material. 


Results 


The data in Table I show that rough rice or paddy and whole brown 
rice contained about 3 ug of thiamin (approximately 1 International 
Unit) per gram, while brown rice contained slightly more thiamin than 
rough rice. During the milling or bleaching process a considerable part 
of the thiamin is removed. Whole rice of Supreme Blue Rose variety 
(mill lot 551) had a thiamin content of 2.58 ug per gram of dry matter, 
which was reduced to 0.74 wg per gram in milling—a loss of 71.3%. 
In the second mill lot (606) of the same variety 81.7% was lost and 
only 18.3% remained in the polished rice. Similar losses have been 
found for the other varieties and mill lots. 

Early Prolific (mill lot 569) lost 81.5%, and 80.6% was removed 
in the second mill lot 663. Fortuna lost 82.39% and the losses in Lady 
Wright and Improved Blue Rose were 86.5% and 77.8%, respectively. 

_As an average of the seven mill lots investigated 19.8% of the 
thiamin, originally present in the whole brown rice, remained in the end 
product sold for human consumption and 80.2% had been removed. 

Small differences were found in the thiamin contents of brown rice 
of different varieties and even in those of different mill lots of the same 
variety. This may be due to the fact that milling is not a standard 
procedure, since readjustment of the huller blades may take place dur- 
ing the milling process. However, rice from a different mill lot might 
have grown under slightly different field conditions even in the same 
field and this might be responsible for the observed difference. Further 
studies are under way to reveal the influence of variety. In the process 
of milling, most of the thiamin is removed by the hullers (first and 
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TABLE I 
THIAMIN CONTENT (TOTAL, FREE, AND BOUND) IN PRODUCTS OI 
COMMERCIAL RICE MILLING! 


Variety ? and mill lot 


Im- 
Supreme Early For Lady | proved 
Blue Rose Prolific tuna | Wright| Blue 
Products | ose 4 
551 606 | 569 | 663 | 635 | 768 778 
a — — — - 
Total Bound Free Total) Total) Total) Total} Total | Total 
i | | | 
| wr I pay ee 
mele | ugle | % mele | % | wele | mele | mele | mele | mele | mele 
Paddy or rough rice 2.60 | 0.77 | 29.6 | 1.83| 70.4 | 3.00! 3.03 | 3.00) 2.79 3.00 3.07 


From milling or bleaching 
process: 


Whole brown rice 2.58 | 1.15 | 44.6 | 1.43 | 55.4 | 3.01 | 3.51) 2.99} 3.05 3. 3.00 
First break huller rice 0.88 | 0.08 9.0 | 0.80 | 91.0 | 0.97 | 0.92 | 0.76) 0.84 1.04 0.95 
Second break huller rice | 0.87 | 0.32 | 36.8 | 0.56 | 63.2 | 0.85 | 0.96) 0.65 | 0.77} 0.73 | 0.95 
Pearling cone rice 0.83 | 0.31 | 37.3 | 0.52 | 62.7 | 0.91 | 0.94| 0.75 3 ’ 0.70 
Brush rice 0.80 | 0.34 | 42.5 | 0.46 | $7.5 | 0.53 | 0.79| 0.67 | 0.58) 0.45 | 0.66 
Finished, clean, polished | | 
rice: | | | 
Head rice 0.74 | 0,16 | 21.6 | 0.60 78.4 | 0.55 | 0.65) 0.58 | 0.54 0.49 0.63 
Second head rice | 0.46} 0.12 | 26.1 | 0.34 | 73.9 | 0.51 | 0.55} 0.49) 0.47 0,46 0.58 
Screenings | 0.91 | 0.43 | 47.2 | 0.48 | 52.8 | 0.75 | 0.86! 0.76) 0.66 0.77 0.80 
Brewers rice | 1.35 0.35 | 26.0 | 1.00} 74.0 | 1.34) 1.20} 1.42)| 1.67 1.57 1.30 
Rice by-products: | 
dulls | 1.23 | 0.53 | 43.1 | 0.70} 56.9 | 0.84/ 1.35] 1.11] 0.93) 1.33 | 1.00 
First break bran 133.00 | 8.10 | 24.5 |24.90 | 75.5 |33.60 |32.20 |23.90 21.50 26.60 | 20.50 
Second break bran 24.50 | 3.30 | 13.4 |21.20| 86.6 |16.50 |16.30 |20.30 111.80! 17.60 | 18.00 
Pearling cone polish |26.50 5.30 | 20.8 |21.20 | 79.2 |25.70 |22.00 |19.40 3 3 | 20.80 
Brush polish |27.90 3.10 11.0 |24.80 | 89.0 |26.70 |21.30 |20.00 15.00 19.40 16.40 
| 


el eal 





1 Obtained from one mill. 

? All varieties are from fields which were not fertilized and were irrigated by well water. 
* Pearling cones are not used in long grain varieties. 

* Grown in Louisiana. 


second break) which indicates that the thiamin is mainly present in 
the outer bran layers and in the germ. 

Of the finished, clean product, the head rice contained somewhat 
more thiamin than the second head. The average thiamin content of 
the head rice was 0.60 ug per gram and of the second head 0.50 ug per 
gram. ‘The screenings had an average content of 0.79 and the brewer's 
rice 1.40 ug per gram. The probable reason for this is that screenings 
and brewer’s rice consist of a great many broken pieces, among them 
particles of rice embryo, which is a rich source of thiamin and which is 
mainly present in the bran. These products are good sources of 
thiamin for feed for livestock and in making beverages. 

Of the by-products, rice hulls contained an average of 1.11 ug per 
gram of thiamin. Since these have at present little or no commercial 
value it is suggested that large quantities of hulls if properly extracted 
might yield considerable amounts of thiamin. 
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Rice bran and rice polish were found to be excellent sources of 
thiamin. Rice bran (first break) contained from 20.5 to 33 ug per 
gram. Second-break bran contained less. 

Rice polish (brush) contained less thiamin than rice bran; the range 
was from 15 to 27.9 wg per gram, but it must still be considered an ex- 
cellent source. About the same range was found in the cone polish. 
Since pearling cones were not used for the long-grain kernels, no data 
on cone polish could be obtained for the long-grain varieties Fortuna 
and Lady Wright. 

Free and bound thiamin have been determined in all samples of 
Supreme Blue Rose, mill lot 551. From Table I it is apparent that 
thiamin mainly occurs in the free form; the range was from 91% in 
first-break huller rice to 52.8% in screenings. In the by-products, 
bran and polish, from 75% to 90% was found to be present in the free 
form, which is of interest since it is not known definitely whether the 
physiological functions in the body of both forms of thiamin are the 
same. 

Included in this report are preliminary data obtained on thiamin 
content of parboiled milled rice, nonparboiled milled rice, and under- 
milled rice. 

Parboiled rice may be rough rice which is parboiled prior to milling. 
The process of parboiling consists essentially of soaking rough rice in 
water, followed by draining of the water, steaming of the rice, and 
drying. The hypothesis is that the water-soluble vitamins diffuse from 
the outer layers of the kernel to the inner layers, and after the process of 
milling more of these water-soluble nutrients are retained in the kernel. 

The results of this assay are given in Table II, from which it is 
evident that the thiamin content in milled parboiled rice is higher than 


TABLE II 


THIAMIN CONTENT (IN wG PER GRAM) OF MILLED PARBOILED AND MILLED 





Variety Treatment ugle 
Nira! milled, parboiled 1.35 
Calora ? milled, parboiled 1.61 
Indian * milled, parboiled 1.74 
Nira? milled, non-parboiled a 
Lady Wright * under-milled 1.22 
Lady Wright milled 57 
Supreme Blue Rose # under-milled 92 
Supreme Blue Rose # milled 65 


1 Obtained through the courtesy of Dr. C. R. Adair, Associate Agronomist, U. S. Department of 
Agriculture, Bureau of Plant Industry, Rice Branch Experiment Station, Stuttgart, Arkansas. 

? Obtained through the courtesy of the Rice Growers Association of California, Sacramento, 
California. 

3 Obtained through the courtesy of the Arkansas Rice Growers Cooperative Association, Stuttgart, 
Arkansas. 
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in milled nonparboiled rice. A value of 1.35 wg per gram was obtained 
for the former and of 0.59 ug per gram for the latter. These samples 
were of the same lot and belonged to the Nira variety. Another sample 
of Indian parboiled rice contained 1.70 ug per gram, and a sample of 
Calora from California contained 1.61 yg per gram. Experiments 
with parboiled rice are now being continued on an extensive scale in 
order to find out the optimum conditions of treatment for the maximum 
retention of the water-soluble vitamins and other water-soluble nu- 
trients. In under-milled rice, more of the bran layers are left on the 
kernel, which leave more of the vitamins and other nutrients in the 
finished product. The thiamin content of under-milled rice is higher 
than of the milled rice as is shown in Table II. An under-milled 
sample of Lady Wright variety contained 1.22 wg per gram compared 
with 0.57 ug for the sample of ordinary milled rice, or more than twice 
as much thiamin was found in the under-milled rice. 


Summary 


A study has been made of the thiamin content in products of com- 
mercial rice milling, with the following results: 

Rough rice or paddy and whole brown rice contained about 3 yg 
of thiamin or approximately one International Unit per gram of dry 
material. Whole brown rice contained slightly more thiamin than 
rough rice. 

An average of 80% of the thiamin was lost during the milling 
process. 

From 50% to 90% of the thiamin was found to be present in the 
free form; this range was from 76% to 90% for the by-products rice 
bran and rice polish. 

Of the finished, clean products, the end product head rice (sold for 
human consumption) contained an average of 0.60 ug and second head 
0.50 we per gram of dry matter. Screenings and brewer’s rice con- 
tained 0.79 ug and 1.40 wg thiamin, respectively. 

Of the by-products, hulls contained 1.11 ug thiamin per gram of 
dry matter, rice bran contained from 20.5 to 33 ug, and rice polish from 
15 to 27.9 ug. 

Three different samples of milled parboiled rice (prepared in three 
different localities) contained 1.35, 1.61, and 1.74 ug thiamin per gram 
of dry material. Two different samples of under-milled rice contained 
1.22 and 0.92 compared with 0.57 and 0.65 yg in milled rice. 
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A STUDY OF SOME OF THE VITAMIN B COMPLEX FACTORS 
IN MALTED AND UNMALTED BARLEY AND 
WHEAT OF THE 1941 CROP 


CLaupE F. Davis, STEPHEN LAUFER, and LEONARD SALETAN 
Schwarz Laboratories, Inc., New York City 


(Read at the Annual Meeting, May 1942) 


The primary purpose of the studies reported here was to determine 
the relation between unmalted and malted wheat and barley with 
respect to the B-complex vitamins—thiamin, riboflavin, pantothenic 
acid, and nicotinic acid—for which reliable analytical methods have 
been established. 

Experimental 

Seven samples of barley of widely different origin and their re- 
spective malts were obtained from malt houses. All of these were 
standard commercial malts. Five samples of wheat representing 
widely different types were obtained. A commercial malt from one 
of these was obtained and the other four samples were laboratory 
malted at approximately 15°C for six days. These samples were 
dried and kilned under conditions as nearly as possible like those in 
large-scale malting. 

Thiamin determinations were made according to the thiochrome 
method outlined in the Cereal Laboratory Methods (1941) with the 
exception that the enzyme polidase was used in the incubation of the 
samples. The riboflavin assay was made with the microbiological 
method of Snell and Strong (1939) using the Lactobaccilus casei-e 
organism and an enzyme treatment for preparation of the sample as 
outlined by Andrews, Boyd, and Terry (1942b). Pantothenic acid was 
determined in a similar manner with the same organism and the pro- 
cedure outlined by Pennington, Snell, and Williams (1940). 
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Nicotinic acid was assayed microbiologically by means of the or- 
ganism Lactobacillus arabinosus 17-5 and the procedure described by 
Snell and Wright (1941). 

Because the moisture contents of grain and malt are considerably 
different, all results were calculated on the dry-matter basis. On 
the dry-matter basis there is an 11° to 14°% substance loss from grain 
to malt in usual malting practice. If vitamin content in malted grains 
is the same as in the original grain or shows a loss no greater than the 
substance loss, then one could assume that no great amount of the 
vitamin material has been consumed, destroyed, synthesized, or re- 
leased. This work was done on finished malt; no data are given on 
the progress of the vitamin content during the various stages of malting. 


Results 


In Table I are presented the results from testing all samples for 
the four B complex factors: thiamin, riboflavin, nicotinic acid, and 
pantothenic acid. 

TABLE I 
B-CoMPLEX VALUES FOUND IN MALTED AND UNMALTED GRAINS 


(All values expressed in wg per gram, dry matter basis) 








rhiamin Riboflavin | Nicotinic acid Pantothenic acid 
Origu ioe: inca a ae as on scary ame . = 
Un- | | Jn- | Un- | Un- | 
natal Malted a. w Malted malted | Malted malted amine 

BARLEY | 

So. Dakota 4.96 4.29 0.78 3.52 90.2 86.8 | 5.30 5.85 
So. Minn.. 5.04 4.65 1.12 3.35 98.1 105.4 | 6.20 8.30 
Choice Iowa 6.52 | 5.80 | 1.08 | 3.20 | 89.6 97.5; S543 | 571 
Fancy IIl.. 4.91 5.15 1.14 2.76 83.0 95.4 4.01 4.63 
ae 6.32 5.94 1.00 2.90 89.4 101.0 | 4.31 6.03 
Wisconsin 5.99 5.27 1.06 3.04 85.1 90.8 | 3.95 5.24 
Hannchen. . 5.38 5.81 0.97 2.83 69.0 82.1 | 2.86 | 4.75 

Mean.. 5.59 5.27 1.02 3.09 86.3 94.1 4.5 5.8 

WHEAT | 

White.... 4.58 | 4.49 0.83 3.67 52.7 | 61.5 | 9.44 | 9.76 
White, Mich. 6.38 | 5.85 | 1.10 | 2.88 | 62.7 | 71.9| 9:19 | 9.20 
ee 5.56 | 5.46 1.12 2.27 49.3 | 65.7 | 6.91 | 9.82 
Red Winter .| 5.22 | 4.58 0.71 3.08 62.3 66.3 | 7.23 7.92 
Winter... .. 6.64 | 4.70 | 0.77 | 2.65 | 66.1 | 71.4) 7.05 | 8.64 

Mean .| 5.68 5.02 0.91 2.91 58.6 | 67.3 7.9 9.0 


The thiamin assay gave values of 5.6 and 5.7 ug per gram, re- 
spectively, for barley and wheat and 5.3 and 5.0 ug per gram, respec- 
tively, for malted barley and malted wheat. These differences be- 
tween the malted and unmalted grains are not highly significant, 
showing an average decrease in most cases in the malted grain slightly 
greater than the substance loss of the grain during malting. The thia- 
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min found in these samples compares favorably with average values of 
5.13 wg per gram for barley and 4.98 yg per gram for malt found by 
Laufer, Brenner, and Laufer (1940); 6.85 ug per gram for whole wheat 
found by Hoffman, Schweitzer, and Dalby (1940); 6.2 and 5.6 ug per 
gram as average values for barley and wheat found by. Schultz, Atkin 
and Frey (1941); 7.1 ug per gram for hard wheat and 6.1 wg per gram 
for soft wheat found by Downs and Cathcart (1941); 5.03 ug per gram 
for hard wheat and 3.5 ug per gram for soft wheat found by Conner 
and Straub (1941); 4.86—5.28 ug per gram for barley found by Conner 
and Straub (1941), and 5.8 and 6.5 wg per gram for wheat and barley, 
respectively, reported by Nordgren and Andrews (1941). 

The riboflavin values show a highly significant increase in the 
malted grain over the unmalted. The average content of the barley 
was 1.02 wg per gram and for the barley malt 3.09 ug per gram. The 
assay on wheat was 0.91 ug per gram and the wheat malt 2.91 ug per 
gram. The average results on both grains showed an apparent in- 
crease of approximately 175% due to the malting process. These 
values for the unmalted grain compare favorably with the levels of 
().89—2.03 ug per gram reported by Conner and Straub (1941) and 1.21 
ug per gram for barley and 1.17 wg per gram for wheat reported by 
Andrews, Boyd, and Terry (1942a). 

The nicotinic acid results show an increase in the malted samples, 
the difference being of low magnitude although in all samples except 
one the malted sample showed the higher values. The assay value 
for barley and wheat was 86.3 and 58.6 ug per gram, respectively, and 
for the corresponding malts 94.1 and 67.3 ug per gram. These figures 
indicate only a small rise in the malted over the unmalted grain and 
the content of nicotinic acid is considerably greater than the figures 
reported by Thomas, Bina, and Brown (1942) where only 17 ug per 
gram was found in barley and 21 yg per gram in the barley malt. The 
results reported here compare more favorably with the values of 50 
ug per gram for whole wheat reported by Melnick, Oser, and Siegel 
(1941); and 45-70 yg per gram for barley and whole wheat found by 
Teply, Strong, and Elvehjem (1942). 

The average pantothenic acid content of the barley and wheat 
was found to be 4.5 and 7.9 ug per gram and for the respective malts 
5.8 to 9.0 ug per gram. The results represent an increase of low mag- 
nitude; however, with every sample the higher results were obtained 
in the malted grain. The wheat values compare favorably with 8.3 
ug per gram of pantothenic acid in whole wheat reported by Strong, 
Feeney, and Earle (1941) and are slightly low compared to 10-15 
ug per gram found by Elvehjem (private communication) and 10 to 
11 we per gram in wheat and barley reported by Jukes (1941). 
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Discussion and Conclusions 


The thiamin, nicotinic acid, and pantothenic acid in the unmalted 
and malted grains do not show differences of great magnitude, although 
definite tendencies are evident. From the definite increase in the 
riboflavin content, the malting process appears to cause a mustering 
of this food factor for the plant-growth stages that are to follow the 
period after germination time. It is of interest that none of the B- 
complex factors except thiamin were consumed or disappeared from 
the grain to the same extent that dry matter is lost in malting. In 
general the B-complex factors are apparently conserved to assure 
proper growth supplements when the reservoirs of grain food have been 
depleted and other food sources are drawn upon. The thiamin and 
riboflavin values in wheat and barley compare rather closely, while 
the nicotinic acid values found were somewhat higher in barley and 
the pantothenic acid values were higher in wheat. 


Summary 


Seven samples of barley and five samples of wheat and their re- 
spective malts were assayed for their thiamin, riboflavin, nicotinic 
acid, and pantothenic acid contents. There was a slight decrease in 
the thiamin value of barley and wheat upon malting. Riboflavin 
values were found to be three times greater in the malts of both wheat 
and barley over their respective unmalted grains. Nicotinic acid and 
pantothenic both showed a slight increase in the malted grain over the 
unmalted. Barley and wheat respond to malting in much the same 
manner with respect to the B-complex factors considered in this study. 
Nicotinic acid values were higher in barley than in the wheat and the 
pantothenic acid values were higher in wheat. 
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THE CHEMICAL COMPOSITION OF COMMERCIAL HYBRID 
AND OPEN-POLLINATED VARIETIES OF DENT CORN 
AND ITS RELATION TO SOIL, SEASON, AND DEGREE 
OF MATURITY (A PRELIMINARY REPORT) '? 
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Agricultural Experiment Station, Lafayette, Indiana 


(Read at the Annual Meeting, May 1942) 


Corn is one of the most important crops grown in the United States 
and it is therefore important to have detailed information about its 
chemical composition. Not only should its average composition be 
known, but the effect of variety and environmental factors affecting 
growth should be studied and understood. This information would be 
of value to livestock feeders and industrial users of corn. The rela- 
tively recent development and widespread use of hybrid corn makes 





1 Herman Frasch Foundation for Research in Agricultural Chemistry, Paper No. 216. 
? Journal Paper Number 31, of the Purdue University Agricultural Experiment Station. 














Vol. 20 





114 COMPOSITION OF HYBRID CORN 





such information especially desirable, and very few studies of this 
nature have been carried out with hybrid corn. 

Wimer (1937) studied the composition of mature corn stover as 
affected by variety, soil type, and fertilizer treatment. He was par- 
ticularly interested in the effect on the nitrogen, phosphorus, potassium, 
and calcium content of corn stover from the standpoint of the fertilizer 
value. The results showed that variety, soil type, and fertilizer treat- 
ment were all factors in determining the composition of corn stover. 

Neal and Bohstedt (1939) found very little difference in the com- 
position of silage from open-pollinated and hybrid corn. 

Morrison (1936) reported the average analysis of well-dried dent 
corn grain. He stated that the development of high-yielding varieties 
of corn apparéntly has brought about, on the average, an appreciable 
lowering of the fat content, a slight decrease in the protein content, 
and slight increases in starch and fiber. 

Arbuckle and Thies (1926) reported that immature corn is low in 
protein. Earlier work by these investigators (1924, 1925) led to the 
conclusion that climate, fertilizer treatment, and variety affect the 
protein content of corn grain but that soil type affect it very little. 

Evans (1941) found that as corn matured, the percentages of pro- 
tein, crude fiber, sugars, and ash, on the dry-weight basis, decreased 
in the corn grain for 43 days after pollination, then remained constant. 
The percentages of starch and ether extract increased steadily to 36 
days after pollination, and then remained constant. 

Jones and Huston (1914) found that the total amount of crude 
fiber, fat, ash, crude protein, and starch in the corn plant increased 
as the plant grew and matured. Their data did not show how these 
constituents varied in the grain alone. 

The work reported in this paper shows the effect of variety, soil 
type, location, season, and degree of maturity on the chemical com- 
position of corn grain. The results indicate that external growth fac- 
tors affect the composition of corn grain greatly. Corn grain from 
different varieties may vary in composition, but there is apparently 
no consistent correlation between variety and chemical composition. 


Materials and Methods 


Samples were obtained from replicated corn plots in different loca- 
tions on different soil types throughout the state of Indiana. Samples 
of open-pollinated and hybrid varieties of both white and yellow dent 
corn were studied. For the study of the effect of maturity on the 
composition of the corn grain, three hybrids on one soil type in one 
location were used. Table I gives information regarding the samples 
used for study in each of the three years of the experiment. It should 
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TABLE I 


ConpDITIONS UNDER WuHIcH CoRN WaAs GROWN DwuRING THREE SEASONS 
AND NUMBER OF HYBRIDS AND OPEN-POLLINATED VARIETIES 
Usep Eacu YEAR 


Year 
1938 1939 1940 
Total samples... 237 259 263 
Varieties used 
Total number...... 43 44 31 
Yellow hybrids. 27 28 20 
Yellow open pollinated 5 5 4 
White hybrids...... 7 7 4 
White open pollinated 4 4 ce 
Number locations... .. 7 8 7 
Number soil types..... ae 10 11 11 


be recognized that not all varieties were grown in every location and on 
each soil type in any one year. However, 10 varieties were grown in 
five locations on eight different soil types all three years: 

For this work representative samples of ear corn were harvested 
and artificially dried in a drier with air circulating at a temperature of 
about 140°F to a moisture content below 10%. The corn was then 
shelled and stored until chemical analyses could be carried out. The 
camples of shelled corn were ground to pass a 1-millimeter sieve and 
the ground samples used for analysis. 

Moisture, protein (Kjeldahl-Gunning-Arnold method, copper sul- 
fate as catalyst), ash, crude fat, and crude fiber were all determined 
by official A. O. A. C. methods (1940). Starch was determined by 
the method described by Sullivan (1935). 


Results and Discussion 


The effect of maturity on the percentages of protein, fat, crude fiber 
and ash in corn grain from hybrids grown in 1938, 1939, and 1940 is 
shown in Figure 1. The data shown here represent an average analysis 
of three different hybrids grown at Lafayette on Brookston silt loam. 
Harvests were made weekly beginning 21 to 30 days after mid-silking 
date. 

As the corn matured, the percentages of protein, fiber, and ash 
decreased and then remained constant. The percentage of fat in- 
creased and then remained constant or decreased slightly. In general 
the same changes occurred as the corn matured in all three years. It 
should be noted that the protein content was high at all stages of ma- 
turity in 1940 and that the percentage of fat was low at all stages of 
maturity in 1938. This indicates that seasonal variations may be quite 
important in determining the composition of corn grain. 
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Pras 3 * FAT 
FIBE 
ASH 
HARVEST 
Fig. 1. The effect of maturity on the composition of corn grain from hybrids grown in 1938, 


1939, and 1940 as shown by weekly harvests. Percentages are expressed on a 15% moisture basis 


Figure 2 shows the effect of maturity on the composition of grain 
from the three hybrids grown in 1939 at Lafayette on Brookston silt 
loam. There were no significant differences in the percentages of fat, 
fiber, and ash in the three hybrids except at the early harvest periods. 
Grain from Ind. hybrid 829 contained slightly more protein at all stages 
of maturity than did grain from the other hybrids. Although the data 
are not reported, similar results were obtained in 1938 and 1940. That 
is, the composition of grain from all three hybrids changed in about the 
same way as the corn matured. There were no significant differences 
in composition of the grain from the hybrids in any one year. 

The data in Table II show the effect of soil type, location, and 
season on the composition of corn grain. Thirteen yellow varieties 
were grown in all three years in the locations shown in the table. The 
average composition of the grain from the different varieties and the 
range in composition among the varieties is given. Although detailed 
data are not given, it should be pointed out here that there were no 
significant differences in composition among the varieties. That is, no 
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Fig. 2. The effect of maturity on the composition of corn grain from three hybrids grown in 1939 as 
shown by weekly harvests. Percentages are expressed on a 15° moisture basis. 

variety seemed to be consistently different in composition from any 

other variety. 

The effect of season, location and soil type can be seen quite 
readily. The grain from corn grown in 1938 contained significantly 
lower percentages of protein and fat than that from corn grown in 
1939 and 1940. The protein content of the grain was affected by soil 
type and location as well as by seasonal differences. However, it 
should be noted that the effect of soil type and location was not con- 
sistent from season to season. For example, the corn grown at 
Wanatah on muck soil in 1938 contained higher percentages of protein 
than that grown on Plainfield fine sandy loam, but in 1939 and 1940 
the reverse was true. Similarly the corn grown in 1938 at Lafayette 
on Clyde silty clay loam contained more protein than that grown on 
Brookston silt loam, but the reverse was true in 1939 and 1940. Thus 
it appears that it would be impossible to predict the differences in 
protein content of corn grain grown on different soil types in different 
locations in different seasons. 














COMPOSITION OF HYBRID CORN 











TABLE II 


Errects oF Soi Tyre, LocATIon, AND SEASON ON COMPOSITION OF CORN 
GRAIN—RESULTS EXPRESSED ON 15° MoltsturReE BAsIs 











Protein (%) Fat (%) Ash (%) 























| ] l 
1938 1939 1940 1938 | 1939 | 1940 | 1938 1939 1940 


WANATAH PINNEY PURDUE FARM 





j | | _ . 7 = fl 
Maumee loam ! 7.4-8.5 | 8.3-9.2 | 8.1-9.4 | 2.7-3.3 | 2.7-4.1 | 3.3-3.9 | 1.0—1.2 | 1.0-1.2 | 0.9-1.1 
Av79| 88 | 89 | 29 | 35 | 3.6 1.11 | 1.07 | .99 
Muck 7.9-9.3 | 8.1-9.0 |10.1-10.8| 2.3-3.3 | 2.8-3.8 | 3.1-4.1 | 1.0—1.2 | 0.1-1.1 | 1.0-1.4 
Av 8.7 8.6 10.3 2.8 3.5 3.5 1.11 1.03 1.14 
Plainfield fine 6.6-7.7 | 9.1-10.2)10.1-11.8) 2.4-3.3 | 2.8-4.1 | 3.4-4.0 | 1.0-1.4 | 1.2-1.4 | 1.2-1.5 
sandy loam Av 7.1 9.9 10.7 2.8 3.5 3.7 1.20 1.28 1.17 
TALBOT 
Dark prairie soil | 7.7-8.6 | 8.5-9.9 | 9.1 10.7) 2.4-3.1 | 2.9-4.1 | 3.1-4.0 | 1.0-1.2 | 1.1-1.4 | 0.8-1.0 
| Av 8.1 94 10.0 2.8 3.7 3.6 1.14 1.24 1 
LAFAYETTE SOILS AND CROPS FARM 
Clyde silty clay 7.3-8.3 | 7.5-8.5 7.2-8.9 | 2.5-3.5 | 3.04.1 | 2.9-3.9 | 1.1-1.4 | 1.1-1.2 | 1.1-1.5 
loam Av 7.7 7.9 79 3.0 3.1 3.6 1.23 1.16 1.23 
Crosby silt loam 7.0-7.8 | 8.3-9.8 | 8.3-9.6 | 2.2-3.2 | 2.8-3.8 | 3.3-4.2 | 1.2-1.3 | 1.0-1.2 | 1.0 1.3 
Av 7.3 8.9 90 2.9 3.4 3.9 1.24 1.08 1.20 
Brookston silt 6.2-7.8 | 8.0-9.1 8.6-10.5| 2.3-3.4 | 2.7-3.9 | 3.5-4.1 | 1.0-1.2 | 1.2-1.4 | 1.1-1.3 
loam Av 6.7 8. 9.1 2.9 3.5 3.8 1.15 1.26 1.20 
FARMLAND H. D, FORESTRY FARM 
| | | | j j 
Clyde silty clay 7.5-8.7 | 8.5-9.8 | 8.7-10.3) 2.1-3.2 | 3.0 4.6 | 3.5—4.1 | 1.0—-1.2 | 1.1-1.4 | 1.0-1.2 
loam Av 8.2 9.2 9.5 2.6 3.9 3.8 1.16 1.25 1.05 
Crosby silty clay 7.9-9.3 | 8.8-9.8 | 8.8-10.8) 2.0-2.7 | 3.4—4.1 | 3.2-4.0 | 1.0-1.3 | 1.1-1.2 | 1.0-1.2 
loam Av 8.5 9.3 94 2.3 3.7 3.6 1.12 1.16 1.07 
MILROY R. K. FARM 
** Black and clay’ | 6.6-8.0 | 7.2-8.3 | 6.9-7.7 | 2.3-3.1 | 2.4—4.2 | 3.4—4.3 | 1.1-1.4 | 1.1-1.4 | 1.0-1.3 
soil Av 7.2 7.9 7.3 2.7 3.6 39 1.23 1.22 1.12 


The range in percentage composition is shown above and the average below. 


The starch content of corn grain from 13 varieties grown in 1938 is 
given in Table III. Although there was considerable variation of the 
samples, there was no correlation between starch content and variety, 
soil type, or location. Starch determinations were not made on the 
samples obtained in 1939 and 1940. 

A comparison of the composition of white and yellow varieties of 
dent corn is shown in Figure 3. The percentages shown are averages 
from several varieties in each case. It can be readily seen that there 
was very little difference in the average composition of the white and 
yellow varieties in any one year when they were grown in the same 
location. The effect of season and soil type and location on the protein 
content of the grain from both white and vellow varieties is apparent. 
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rABLE Ill 


PERCENTAGE OF STARCH IN CORN GRAIN—1938 SAMPLES—RESULTS 
EXPRESSED ON A 15°, Motsture BaAsiIs 


Wanatah, Indiana Lafayette, Indiana Farmland, Indiana 

Plainfield) Clyde Clyde Crosby 
fine silty Crosby Brookston silty silty 

Maumee sandy clay silt silt clay clay 

loam Muck loam loam loam loam loam loam 

Ind. 417 54.9 54.6 54.1 §1.2 55.1 52.4-57.6 54.4 53.3 
Ind. 425 §1.2 49.8 54.9 56.7 §2.7 56.8 | 52.0 55.0 
Ind. 608B 54.0 55.5, §2.1 54.7 56.7 53.9 | 52.6 53.7 
ind. 610 56.2 55.0 $5.9 55.5 54.2 54.1 | 52.8 53.9 
Ind. 613 55.3 56.6 §3.2 §4.3-56.1 53.1-56.3 54.4-55.2 $2.2 55.6 
Ind. 632D 56.3 53.6 56.0 54.0 53.3 §2.5 56.3 53.7 
Ind. 829 53.0 54.5 §5.2 49.8 55.8 55.6 53.5 §2.2 
Ind. 842 51.0 55.3 53.7 54.5 55.5 56.1 52.4 §1.3 
Ind. 844 55.0 52.6 55.4 54.4 51.2 53.7 54.7 54.3 
Ind. 845 57.3 50.8 55.1 54.1 54.6 54.9 56.0 52.8 
Krug 54.9 55.1 51.5 58.6 52.8 51.2 §2.3 56.3 
Bryant Reid 51.9 53.1 55.2 53.0 §2.7 §2.2 53.8 54.5 
Purdue 11 Reid 48.6 52.5 51.6 53.2 $2.4 52.0 
Av 54.2 §3.9 53.9 54.2 53.9 54.2 53.5 53.7 

Range 51.0-57.3 50.8-56.6 48.6-56.0 51.2-58.6 51.2-56.7 51.2-—56.8 | §2.0-56.3 51.3-—56.3 


Brown silt loam, New Harmony 
Brookston silt loam, Lafayette 
Ba Ohio River overflow land 


Dark silt loam. Washington 
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Fig. 3. The composition of grain from white and yellow varieties of dent corn grown in different 
years on different soil types in different locations. Percentages are expressed on a 15% moisture 
basis. 


Although the work reported here does not show any consistent 
relationship between variety and chemical composition, one must not 
conclude that varieties of consistently different chemical composition 
cannot be developed. In fact, it is quite generally recognized that 
such varieties can be developed. However, the work does show that 
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many of the commercial hybrids that have been developed, and the 
selections of open-pollinated varieties that have been made, produce 
corn grain of very similar chemical composition. 


Summary 


As corn matured, the percentages of protein, fiber, and ash in the 
grain decreased and then remained constant. The percentage of fat 
increased and then remained constant or decreased slightly. These 
changes occurred in three hybrids in all three-seasons. 

Seasonal variations were responsible for variations in the protein 
and fat content of corn grain. The protein content is also affected by 
soil type and location. 

There were no significant differences in the chemical composition 
of more than 40 commercial hybrids and open-pollinated varieties of 
dent corn. The composition of yellow varieties tested was practically 
the same as that of white varieties grown under the same conditions 
in the field. 
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EFFECT OF CERTAIN VARIABLES IN TECHNIQUE ON THE 
BREAKING STRENGTH OF LARD PASTRY WAFERS 


VENONA SWARTZ 
Research Laboratory, American Meat Institute, University of Chicago, 
Chicago, Illinois 


(Read at the Annual Meeting, May 1942) 


Published results of breaking-strength studies with lard wafers 
have shown a great deal of variation, even though the same fats were 
under consideration by the different investigators. These variations 
are indicated in Table I, which shows published breaking-strength 
figures for lard wafers of 5 to 16 ounces, and for hydrogenated cotton- 


TABLE I 
BREAKING STRENGTH OF WAFERS AS REPORTED BY DIFFERENT INVESTIGATORS 


Investigator 


Fat Denton, | Lowe, | 
Gordon | _ Fisher Harvey (|Nelson, and| Swartz! 
and Sperry | (1933) (1937) | Buchanan | (1937-41) 
(1933) | (1938) 
Lard ; 9-16 6-11 5-11 13-44 
Hydrogenated cottonseed oil 14-20 13-22 | 8 9-11 17-37 
Vegetable compound 13 8 19-20 
Hydrogenated lard 14-21 9-12 25-26 


! Unpublished. 


seed oil from 8 to 22 ounces, with similar variations for vegetable com- 
pounds and hydrogenated lard. These large variations in results were 
due at least in part to the conditions chosen for the breaking-strength 
tests. Each investigator has independently established the conditions 
judged to be best, without conforming to the formula or technique of 
predecessors. This is shown in Table II. 

The conditions used by Denton, Gordon, and Sperry (1933), by 
Fisher (1933), and by Harvey (1937), were established by them as 
standard for all their tests, while the work of Lowe, Nelson, and 
Buchanan (1938) and of Swartz (1937-41, unpublished) included, 
along with a standardized technique, additional studies of the influence 
of some of the conditions on the breaking-strength results. 

Lowe reported that, with other factors standardized, the tempera- 
ture of the fat influenced the breaking strength of the wafers: room- 
temperature of the fat resulted in more tender wafers than either cold 
or melted fat. She found also that increased mixing time before adding 
water made for lower breaking strength, while increased mixing time 
121 
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TABLE II 


CONDITIONS OF BREAKING-STRENGTH TESTS REPORTED IN TABLE I 





Denton, 
Gordon Fisher Harvey Lowe | Swartz 
and Sperry | 








l'ype of flour Pastryand| Pastry ? All- Pastry 
family | purpose 

Percent fat 47 41-44 50 40 44 
Percent water 27 25 31 25 | 25-40 
Temp. of flour, °F 46-48 Room ? 75-77 35-97 
Temp. of fat, °F 46-48 45-50 ? 41-140 | 35-97 
Temp. of water, °F 46-48 | 45-50 45 24-25 35-97 
Mixing time before add- 

ing water, min 5 2 2 2146-3% 2 
Mixing time after add- 

ing water, sec 60 45 45 15-45 30-90 
Thickness of wafers, in ly lg l¢ 3/32 Ve 


after adding the water gave greater breaking strength to pastry wafers 
made with lard. 

In view of the absence of an accepted standardized test for breaking 
strength of pastry wafers, the study to be reported here was under- 
taken in order to give a clearer picture of the effect of some of the 
variables that have existed in the formulas and mixing procedures used 
by the different investigators. Specifically, the factors studied were 
amount of water used, temperature of ingredients, and length of mixing 
time after water was added. 


Experimental Work 
Pastry wafers were made from commercially steam-rendered lard 
according to the following formula and procedure: 


Constants Variable 
Pastry flour . 200 ¢ Water, tap—50, 65, and 80 ml 
Fat. a 88 
Salt... weihe ae 


Temperature of Ingredients 


Flour and salt—room temperature, 67-81°F, usually 73-76°F 
Fat and water—40-45°F and 70-75°F 


Mixing Time 


Before adding water—2 minutes 
After adding water—30, 45, 60, or 90 seconds 


Mixing Procedure 


Flour and salt were sifted together, the fat was added, and mixed in with the 
pastry knife of a Kitchen-Aid machine (3-qt bowl) on low speed for 60 seconds (70 
revolutions). The machine was stopped, the sides of the bowl scraped down with a 
few turns of the pastry knife, and the mixing continued for an additional 60 seconds. 
The water was added in less than 5 seconds while the mixer was running, and the 
mixing was continued for the remainder of the time indicated, 30 to 90 seconds. 
The dough was formed into a ball with 6-10 motions of the hands. It was rolled 
out on a floured canvas pastry cloth with a rolling pin covered with a floured stock- 
inette, first to a thickness of 54¢ inch in ten motions, with guide strips to control 




















Jan., 1943 VeNONA SWARTZ 123 


thickness. ‘Then the dough was turned at right angles to its former position and 
rolled to \%-inch thickness in 44 further rolling motions. The dough was then cut 
with a pastry wheel into wafers, each 14% by 2% inches, lengthwise of the dough. 
Each wafer was pricked with a tool containing 15 blunt points to prevent blistering 
and placed on an aluminum baking sheet. Each baking consisted of 27 wafers. 
The wafers were chilled for about 10 minutes at 40°-45°F prior to baking. 

Baking, Cooling, and Testing Procedure 


The wafers were baked 18 minutes in a gas oven at 425°F, and cooled on a wire 
rack at room temperature for 45 minutes before breaking. The two most atypical 
wafers (from the standpoint of color or texture) were discarded and the remaining 
25 were broken with a Bailey Shortometer. 


Number of Wafers Tested 
Four bakings totaling 100 wafers were made with each combination of variables. 
Results 
The results of the breaking strength tests are shown in Table III 


and Figures 1 and 2. It can be seen that with increasing water the 


TABLE III 
BREAKING-STRENGTH OF PASTRY WAFERS MADE WITH LARD 
































lempera- | Blending | Breaking strength Estimated 
ture of | Water | time after ___ | «Standard | Probable | standard 

fat and | adding | | deviation error | error of 

water | water | Mean Range mean 
- ps c _* = 

€ S€C o2 of 

40°-45°F 25 30 15.1 5-35 | 4.7 3.2 0.47 

45 16.7 8-30 4.4 2.9 0.44 

60 15.8 9-27 3.3 ye 0.33 

90 19.9 12-27 3.2 | 2.1 | 0.32 

32.5 30 23.0 9-36 5.7 | 3.8 0.57 

45 25.9 11-44 5.5 3.7 0.55 

60 29.8 19-45 5.9 4.0 0.59 

90 314 | 22-43 | 46 | 3.1 0.46 

40 30 33.5 14-53 8.3 5.6 ; 0.83 

45 37.2 20-64 7.1 4.8 0.71 

60 43.7 29-56 5.9 4.0 | 0.59 

90 42.1 27-54 5.2 $3 0.52 

70°-75°F | 25 30 13.9 21 | 23 1.9 | 0.28 

45 14.2 8-30 3.8 2.6 0.38 

60 | 15.5 10-22 | 2.6 1.8 0.26 

90 | 14.4 7-23 3.7 2.5 0.37 

32.5 30 24.1 14-33 4.5 3.0 0.45 

45 ye a 15~31 3.6 2.4 0.36 

60 24.8 14-35 4.3 2.9 0.43 

90 | 22.8 13-34 te 2.5 | 0.37 

40 30! 36.5 25-56 7.2 49 | 0.83 

45 34.8 20-50 | 5.4 3.7 | 0.54 

60 34.2 24-46 4.3 2.9 0.43 

90 30.7 18-39 | 40 | 2.7 0.40 





'75 wafers only, instead of 100. 
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Fig. 1. Breaking strength of pastry wafers—fat and water 40°-45°F. 
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Fig. 2. Breaking strength of pastry wafers—all ingredients at room temperature 
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breaking strength increased strikingly, for example from 15.8 ounces 
with 25% water, to 43.7 ounces with 40% water, at 60 seconds’ mixing 
time, using cold fat and water. Under other conditions of temperature 
and mixing times the same effect is shown, but to a lesser degree. 

As the mixing time was increased, there was little effect on breaking 
strength, especially when the ingredients were all at room temperature. 
An exception to this is seen at 90 seconds’ mixing, 40% water, where 
the breaking strength was somewhat lower. When the fat and water 
were cold, there was some increase in breaking strength with increased 
mixing time, especially at the highest water content. 

Using the fat and water at room temperature instead of at ice-box 
temperature resulted in lower breaking strengths, at most of the mixing 
times and levels of water. 


Discussion 


The results of this study agree with the conclusions reported by 
Lowe and co-workers and also with their conception of the action of 
the ingredients of the dough. Specifically, in both this study and in 
Lowe’s, increased mixing time after adding the water made for greater 
breaking strength in the wafers, especially when the fat and water were 
cold. This is to be expected, for increased manipulation of the dough 
brings about greater opportunity for hydration and development of 
the gluten of the flour. But when the fat and water were at room 
temperature, the time of mixing seemed to have little effect on the 
breaking strength of the wafers. This could be a direct result of the 
greater plasticity of the lard at the higher temperature. The fat, being 
more plastic, more completely covers the flour, giving it a protective 
waterproof coating that prevents a part of the subsequent hydration 
that would otherwise have occurred. This same conception also 
accounts for the generally lower breaking strength of all the wafers 
made from ingredients at room temperature, compared to those made 
from fat and water at ice-box temperature. 

The effect of increasing the amount of water can also be explained 
on the same basis. Additional water makes possible more nearly 
complete hydration of the gluten, with consequently higher breaking 
strength in the resulting wafers. 


Summary 


The results of this study of breaking strength of pastry wafers can 
be summarized in the following outline form. 
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Variable Result 
1. Increased water (from 25 to 40%). 1. Progressive increase in breaking 
strength. 
2. Increased mixing time after adding 2. (a) Fat and water cold: greater 
water (from 30 to 90 seconds). breaking strength. 


(b) Allingredients room temperature: 
same or lower breaking strength. 

3. Room temperature for ingredients in- 3. Decrease in breaking strength. 
stead of ice box temperature. 
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INACTIVATION OF ALPHA- AND BETA-AMYLASE IN 
AQUEOUS MALT EXTRACTS ' 


W. J. Otson, B. A. BurkKuHart, and A. D. DiIcKsoNn 


University of Wisconsin, Madison, Wisconsin, and U. S. Department of Agriculture 


(Read at the Annual Meeting, May 1942) 


The constitution of the amylolytic enzyme system in malt has been 
studied extensively with regard to the separation, characterization, and 
accurate determination of the components. In the hydrolysis of a raw 
starch paste by malt extract, three general types of reaction are rec- 
ognized: (1) liquefaction (accompanied by a liberation of esterified 
phosphorus), (2) dextrinization, or progressive diminution of the iodine- 
coloring capacity of the starch, and (3) saccharification, apparent 
notably as a production of maltose. Enzymes catalyzing each of the 
three types of reactions mentioned above have been described, and 
their partial or complete isolation reported. 

Thus, according to Waldschmidt-Leitz and Mayer (1935), amylo- 
phosphatase catalyzes the liquefaction and concomitant liberation of 
esterified phosphorus from the starch paste; the dextrinogenic- or alpha- 
amylase is active in the dextrinization of the starch to low-molecular- 
weight, noniodine-staining dextrins. The rapid production of maltose 
is ascribed mainly to the action of the saccharogenic- or beta-amylase, 





1 Cooperative investigations between the University of Wisconsin and the U. S. Department of 
Agriculture, Division of Cereal Crops and Diseases, Bureau of Plant Industry. The United States 
Maltsters Association and the Malt Research Institute have cooperated through Industrial Fellowship 
grants to the University of Wisconsin. 
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although a comparatively small amount of maltose is formed by alpha- 
amylase as well. 

The view that alpha-amylase is active in the liquefaction as well as 
in the dextrinization of a starch substrate has been advanced by Blom, 
Bak, and Braae (1937), Blom and Bak (1938), and Jézsa and Johnston 
(1935). The parallelism between the two actions has recently been 
studied by Hollenbeck and Blish (1941) under several conditions. 
They concluded on the basis of their results that both reactions were 
due to the same enzyme. On the other hand, Mayer (1939) showed 
that raw starch paste oxidized by a minimal amount of iodine did not 
result in the production of reducing materials by malt extract, but 
could still be liquefied. 

Several techniques have been developed for the partial or complete 
separation of the amylases present in malt extract. The methods of 
Waldschmidt-Leitz, Reichel, and Purr (1932) for the selective adsorp- 
tion of beta-amylase on alumina at pH 3.8, or the adsorption of alpha- 
amylase on mature starch grains (Holmbergh, 1933) are well known. 
Other methods for the separation of the two amylase components have 
been developed by Ohlsson (1926, 1930) and Blom, Bak, and Braae 
(1937). The Ohlsson technique makes possible the destruction of 
beta-amylase in the presence of alpha-amylase by heating the neutral 
green malt extract at 70° for 15 minutes. Several workers, including 
Ohlsson (1926), have found that at least 15-16% of the alpha-amylase 
is destroyed by this treatment. Ohlsson (1926) also found that alpha- 
amylase was almost quantitatively destroyed by treatment of an 
acidified extract at pH 3.3 and 0° for 15 minutes, the destruction of 
beta-amylase being negligible. Blom, Bak, and Braae (1937) used 
less drastic conditions for inactivation by heat and by low pH and low 
temperature. They found that acidification of a malt amylase prepa- 
ration at 20° and pH 4.2 resulted in almost complete destruction of 
alpha-amylase in four hours, and heating the neutral enzyme sus- 
pension at 60° for one hour resulted in a constant ratio of reducing 
power/liquefaction, which they took as an indication of a one-com- 
ponent (alpha-amylase) system. 

In our work a study was made of the inactivation of beta-amylase 
at 60°, 65° and 70°C, and of alpha-amylase at pH 3.3 and 0°C in 
aqueous extracts of malts exhibiting rather wide differences in the 
activity of the amylase system originally present. The principal 
object in this study was an examination of the rates of the inactivations. 
Improved and specific methods for alpha-amylase and the determina- 
tion of total saccharifying activity were applied to the partially 
inactivated extracts. 
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Experimental Material 


Three malts were chosen for study, exhibiting high, low, and inter- 
mediate diastatic activities. The high diastatic malt, Peatland, had 
an activity of 752 mg maltose (188°L), the low, Atlas, 288 mg maltose 
(72°L), and the intermediate, Oderbrucker, 448 mg maltose (112°L). 


Heat Inactivation 


Twenty-five-gram portions of ground malt were extracted with 500 
ml of water in a 20° bath for two hours, and filtered for one-half hour. 
Twenty-five-ml aliquots of the extract were transferred to a series of 
8-inch test tubes, and placed in a bath adjusted to the desired inactiva- 
tion temperature. The temperature of the bath was maintained man- 
ually to within +0.5° of the desired temperature. Tubes were removed 
from the bath at appropriate time intervals and transferred imme- 
diately to a water bath at 0—-4°C, and cooled to 10-15°C. The cooled, 
partially inactivated extracts were transferred to 100-ml volumetric 
flasks, made to the mark with water and mixed thoroughly. These 
diluted solutions were used in all subsequent determinations. 


Low-Temperature, Low-pH Inactivation 


The same method for preparation of the malt extract was used here 
as was used for the heat inactivations. Forty-ml portions of the extract 
were measured into 50-ml volumetric flasks and placed in an ice-water 
bath (0°). When the contents of each flask had reached 0°, the acidity 
was adjusted to pH 3.3 with HCI (0.025 or 0.05N) with vigorous shak- 
ing. At appropriate time intervals, sufficient V/14 NaOH was added 
with constant agitation to bring to pH 5.1. The necessary amounts of 
both acid and base required for pH adjustments were determined on a 
separate portion. The partially inactivated extracts were allowed to 
attain room temperature, made to mark with water and used in the 
subsequent determinations. All runs on both heat- and low-tempera- 
ture, low-pH inactivations were carried out in duplicate. 


Methods 


In designing the experimental section of this work, an attempt was 
made to use methods useful in the determination of one component. 
It was convenient to use a method specific for alpha-amylase. No 
attempt, however, was made to differentiate between the saccharifying 
activity due to alpha-amylase and that due to beta-amylase. In the 
heat-inactivation treatments, the large decreases in saccharifying 
activity undoubtedly were due primarily to a loss of beta-amylase 
activity, and the small decreases in saccharifying activity at 0° and 
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pH 3.3 were ascribed principally to the effect of alpha-amylase destruc- 
tion. This conclusion seems justified (see later). The method of 
Kneen and Sandstedt (1941) was used for determination of total sac- 
charifying activity, using 0.05 N instead of 0.1.N potassium ferricyanide. 

The dextrinizing activity of the partially inactivated extracts by use 
of 2% soluble starch as substrate (Wohlgemuth, 1908) has been shown 
to be affected seriously by variations in beta-amylase content (Hanes 
and Cattle, 1938). However, it was used in this work to compare with 
the other dextrinization procedure. 

The improved Wohlgemuth procedure, developed by Sandstedt, 
Kneen and Blish (1939), is designed to circumvent this complication of 
variations in beta-amylase by use of standard alpha-amylodextrin 
instead of soluble starch as substrate. In the preparation of the 
alpha-amylodextrin substrate, these workers recommended the use of 
hard wheat extract as a suitable source of pure beta-amylase. We 
have found it convenient to use instead a preparation of soybean 
amylase. Newton and Naylor (1939) report that soybeans contain 
very little, if any, dextrinizing activity. For ease in comparison, the 
same method was used in the soluble starch dextrinization, except of 
course that the pretreatment with beta-amylase was omitted. 

The method of Blom and Bak (1938) was used with minor modifica- 
tions in the determination of liquefying activity. In unpublished work 


with this method, we have found that the effect of beta-amylase is of 
only minor importance in the liquefaction of starch paste, and espe- 
cially so in concentrations met with in this work. However, attention 
is called to the values for liquefying activity at the later stages of low- 
temperature, low-pH inactivation. In these cases, relatively concen- 
trated extracts were used in the determination, and the large excess 
of beta-amylase may have affected the Blom-Bak values. 


Presentation and Discussion of Data 


The effect of the various treatments on the extracts of the three 
varieties seemed to show quantitative differences only. Therefore, in 
order to conserve space, a plot of the complete set of values for one 
variety only, Oderbrucker, will be given. The data for all three 
varieties are given in tabular form. Each figure represents the average 
of duplicate runs under identical conditions. 


Saccharifying Activity 


As indicated earlier, the heating of a malt extract at 60°-70° has 
an adverse affect on the saccharifying activity. The effect of heating 
an unbuffered extract at 60°, 65°, and 70° on the saccharifying activity 
is given in graphic and tabular form in Figure 1 and Table I. 
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Fig.1. The rate of inactivation of saccharifying activity of a malt extract (Oderbrucker) as mg mal- 
tose/mg malt equivalent vs time (min) treatment at 60°, 65°, 70°C or at 0°C and pH 3.3. 


TABLE I 
EFFECT OF INACTIVATION TREATMENT ON SACCHARIFYING ACTIVITY 


(Mg maltose per mg malt equivalent) 
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The loss of saccharifying activity at 60° appears as a continuous 
function of time, showing little tendency to level out even after 90 
minutes. The times required to reach one-half the original activity 
lie between 40 and 60 minutes for the three varieties. Even though 
treatment of the malt extract at 60° results in the destruction of the 
saccharogenic property of malt amylase, the reaction (inactivation) is 
slow and incomplete within the 90-minute period. 

Treatment of the extracts at 65° or 70° is in direct contrast to this. 
Progressive heating of the malt extracts at 65° or 70° resulted in an 
extremely rapid and extensive drop in saccharifying activity, which 
leveled out abruptly to a straight-line and very gradual decline in 
activity. The point at which leveling out occurred corresponded to 
about 20 minutes in the bath at 65° and about 10 minutes at 70°. The 
time required to reach one-half original activity was reduced from about 
50 minutes at 60° to 5 minutes at 65° and 1.0-1.5 minutes at 70°. It 
is also significant that 70% or more of the original activity had been 
lost before the extracts had reached 69°, and more than 30% before 
they had attained 64°. 

Acidification of the malt extracts to pH 3.3 at 0° resulted in a very 
rapid though small initial decrease in saccharifying activity, followed 
by essentially no further change up to the maximum time studied, 30 
minutes. It can be seen that by far the greatest fall in activity oc- 
curred in less than 5 minutes under these conditions. 


Soluble Starch Dextrinizing Activity 


The dextrinizing activity of malt extracts is attributed principally 
to the action of alpha-amylase, but, when acting on 2% soluble starch, 
the contribution of beta-amylase is significant. Accordingly, the 
values of the dextrinizing activity of the treated extracts are given in 
Table II and Figure 2. 

By examination of the data for dextrinization of 2% soluble starch 
as affected by treatment of the extracts at 60°, 65°, and 70°, and also 
at 0° and pH 3.3, the effect of beta-amylase is readily apparent. 
However, there does not seem to be any quantitative parallelism be- 
tween the decrease in saccharifying activity and decrease in dextriniz- 
ing activity on soluble starch. Certainly, from these findings, one is 
forced to agree with Hanes and Cattle (1938) that the part played by 
beta-amylase in the dextrinization of soluble starch is not understood. 
By comparison of the curves for soluble starch-dextrinizing activity 
of the heat-treated extracts with the corresponding curves for sac- 
charifying activity, a rather general qualitative similarity shows up. 
Thus, soluble-starch dextrinizing activity decreases as a curvilinear, 
continuous function of time at 60°. The large initial decrease in 
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TABLE II 


EFFECT OF INACTIVATION TREATMENT ON SOLUBLI 
STARCH DEXTRINIZING ACTIVITY 


(Sandstedt-Kneen-Blish units) 








lime in heat lime at 0°¢ Dextrinizing 
inactivation bath } 60° 65° 70° and pH 3.3 activity—0°¢ 
(min (min) and pH 3.3 
\TLAS 

Original 12.4 12.4 12.4 Original 12.4 

at (¢ — 1) 10.4 5.0 . 1.0 

15 10.2 BS 4.4 10 0.9 

30 8.8 5.0 3.3 15 0.9 

60 7.2 4.2 2.1 30 0.8 

90 6.3 3.3 5 


ODERBRUCKER 


Original 16.6 16.6 16.6 Original 16.6 
at (@—- 1 5.9 5 1.5 
15 14.7 oe 5.1 10 1.4 
30 13.0 6.0 4.4 15 1.4 
60 11.2 5.2 3.2 30 ‘3s 
90 9.3 4.5 2.5 
PEATLAND 
Original 20.4 29.4 29.4 Original 29.4 
at (t — 1) 23.3 9.4 5 2.7 
. 15 24.6 10.6 8.2 10 ye 
30 22.1 9.5 6.0 15 2.3 
60 17.5 8.0 3.6 30 2.2 
90 16.4 6.7 2.3 
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Fig. 2. The rate of inactivation of soluble starch-dextrinizing activity of a malt extract (Oderbrucker 
as Sandstedt-Kneen-Blish units vs time (min) treatment at 60°, 65°, 70°C or at 0°C and pH 
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TABLE III 


EFFECT OF INACTIVATION TREATMENT ON AMYLODEXTRIN 
DEXTRINIZING ACTIVITY 


(Sandstedt-Kneen-Blish units) 





lime in heat Time at 0°C Dextrinizing 
inactivation bath 60°C 65°C 70°C and pH 3.3 | activity—O0°C 
(min) (min) and pH 3.3 
\TLAS 
Original 31.2 31.2 31.2 Original 31.2 
at (¢ — 1)° — 30.1 22.7 5 1.5 
15 30.1 26.0 21.0 10 t2 
30 28.7 23.5 16.6 15 1.0 
60 26.9 20.7 11.2 30 0.9 
90 25.4 18.0 9.0 
ODERBRUCKER 
Original 33.6 33.6 33.6 Original 33.6 
at (t — 1)° — 32.0 26.0 5 1.7 
15 33.1 31.2 21.9 10 iB 
30 32.4 29.8 20.5 15 LS 
60 31.3 27.2 15.6 30 1.4 
90 30.1 24.5 12.9 
PEATLAND 
Original 63.0 60.0 $7.7 Original 57.7 
at (¢ — 1) — 58.2 39.3 5 3.1 
15 61.5 50.0 34.4 10 1 
30 60.0 47.0 25.3 15 2.9 
60 56.9 40.0 17.0 30 2.7 
90 54.5 34.0 11.8 


saccharifying activity followed by an abrupt leveling out with further 
treatment at 65° or 70° is apparent also in the soluble-starch dextriniz- 
ing activity of the partially inactivated extracts. The times required 
to attain one-half the original activity varied from more than 90 min- 
utes at 60° to about 10 at 65° and 2 at 70°. 

Treatment of the malt extracts at 0° and pH 3.3 resulted in an 
extremely rapid decline in the soluble-starch dextrinizing activity, 
closely resembling the corresponding loss in starch liquefying and alpha- 
amylodextrin dextrinizing activities. However, here again the simi- 
larity is qualitative only. 


Alpha-Amylodextrin Dextrinizing and Liquefying Activity 

The parallelism between dextrinizing and liquefying activities has 
been discussed previously. While no high correlation between soluble- 
starch dextrinizing activity and starch-liquefying activity could be 
established, a remarkably close parallelism between the alpha-amylo- 
dextrin dextrinizing and corresponding liquefying activities is apparent. 
The ratio, liquefying activity/amylodextrin dextrinizing activity, is 
given in Table V. The ratio is not a constant over the whole set of 
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TABLE IV 
EFFECT OF INACTIVATION TREATMENT ON LIQUEFYING ACTIVITY 
(Blom-Bak units) 


| 














Time in heat |} Time at O°C | Liquefying 
inactivation bath orc | osc | 70°C | and pH 3.3 | activity—0°C 
(min) | | | (min) | and pH 3.3 
ATLAS | 
Original | 43.6 | 43.6 43.6 Original 43.6 
at (t — 1)° ;— } 41.2 | 38.2 5 4.6 
15 | 40.0 | 380 | 35.0 10 3.7 
30 38.9 35.3 24.9 15 - 
60 | Blea | 29.5 16.9 30 
90 36.2 25.5 13.4 | 
ODERBRUCKER 
Original 49.6 | 49.6 49.6 Original 49.6 
at (t — 1)° — 45.0 42.8 5 5.6 
15 47.4 42.3 39.0 10 30 
30 46.6 40.7 33.4 15 aa 
60 44.4 37.2 25.4 30 5.0 
90 43.1 31.2 21.1 
PEATLAND a 
Original 82.1 | 82.1 82.1 | Original 82.1 
at (¢ — 1)° — | 7.7 71.5 5 11.1 
15 78.1 | 68.7 62.2 10 9.2 
30 77.4 62.8 45.4 15 9.6 
60 71.6 54.0 27.9 30 9.3 
90 70.1 | 45.3 18.9 


data, but in general varies both with treatment and variety. The 
ratio is constant within reasonable limits for a single variety and 
treatment. We find it extremely difficult to explain this situation. It 
is due possibly to lack of uniformity in the alpha-amylodextrin sub- 
strate, but we have not checked this. 

By reference to Figures 3 and 4, it may be seen that a destruction of 
saccharifying activity is accompanied always by a decrease in the 
alpha component as deduced from measurements of liquefying and 
amylodextrin-dextrinizing activities. Obviously, the higher the in- 
activation temperature used, the more rapid and extensive the destruc- 
tion of alpha-amylase activity. A closer examination of the time-vs- 
activity curves for liquefying and amylodextrin-dextrinizing activity 
reveals that at 60° the destruction of alpha-amylase approximates a 
straight line from the outset, while at 65° the initial decrease is rapid, 
followed again by an approximate straight-line decrease on further 
treatment. At 70°, the decrease in alpha-amylase activity is curvi- 
linear throughout and rather extensive. 

The destruction of both liquefying and dextrinizing (alpha-amylo- 
dextrin) activities is rapid and very extensive in the early stages of 
treatment at pH 3.3 and 0°. All but 10%-13% of the original activity 
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TABLE V 


RATIO OF LIQUEFYING/AMYLODEXTRIN ACTIVITIES OF 
PARTIALLY INACTIVATED MALT EXTRACT 


(Blom-Bak units/amylodextrin dextrinizing units) 








] ] mn ae ae 


Time in heat Time at 0°C | Liq./amylodex- 








} 
inactivation bath | oc | 65°C | 70°C | and pH 3.3 | trinactivity— 
(min) | (min) 0°C and pH 3.3 
| } 
ATLAS 
Original 1.40 | 1.40 1.40 | Original | 1.40 
at (¢ — 1)° — | 1.37 1.68 | 5 3.07 
15 133 | 1s 1.67 | 10 3.08 
30 1.36 1.50 1.50 | 15 — 
60 1.40 | 1.43 1.53 | 30 -~ 
90 1.43 1.42 | 1.49 
ODERBRUCKER 
Original 1.48 148 | 1.48 Original 1.48 
at (t — 1)° a 1.41 1.65 5 3.29 
15 143 | 1.36 | 1.78 10 3.67 
30 ime | te | 163 15 3.47 
60 1.42 Lae 1.63 30 3.57 
90 1.43 1.27. | 1.64 | 
PEATLAND 
Original 130°} 1.37 1.42 Original 1.42 
at (t — 1)° — 1.30 1.82 5 3.58 
15 1.27 1.37 1.81 10 3.41 
30 1.29 1.34 1.79 15 3.31 
60 1.26 1.35 1.64 30 3.44 
90 1.29 1.33 1.60 





was lost in less than 5 minutes. In the three malts studied this initial 
large decrease was followed by little if any further change. A paral- 
lelism may be drawn here between the abrupt initial loss of sacchari-’ 
fying activity and the loss of alpha-amylase activity, which strongly 
suggests that this reduction in saccharifying activity is due prepon- 
derantly to a loss of alpha-amylase. 

Thus far the discussion has been confined to a consideration of the 
effects of inactivation treatment upon the enzyme components present 
ina malt extract. Several interesting points are apparent in the inter- 
relationship between the several factors. 

It seems logical to assume, as did Blom, Bak, and Braae (1937), that 
the ratio of liquefying activity or dextrinizing activity to the corre- 
sponding saccharifying values would be constant when one component 
only was present. These workers indicated that this situation was 
obtained by heating suspensions of a purified malt amylase preparation 
at 60° for a minimum time of one hour. They claim these mild condi- 
tions are successful because they were dealing with purified prepara- 
tions. We were unable to attain constant ratios between these factors 
at any stage in the 60° heat inactivation. On this basis, we feel justi- 
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fied in concluding that the destruction of beta-amylase in an unpurified 
malt extract at 60° is incomplete even after 90 minutes. On the other 
hand, a constant ratio is obtained rather early in the inactivation both 
at 65° and 70°. A constant ratio at 65° first appears after 15-20 
minutes in the bath; the constant ratio at 70° corresponds to approxi- 
mately 15 minutes, thus confirming the results of Ohlsson (1926). 


Summary 


The rate and extent of inactivation of the amylase components of 
malt extracts were measured at 60°, 65°, and 70° and at pH 3.3 and 
0°C. Measurements were made of saccharification of soluble starch, 
liquefaction of raw starch paste, and dextrinization of both soluble 
starch and amylodextrin on the original and partially inactivated 
extracts. 

Complete inactivation of beta-amylase was not attained at 60° for 
the maximum time studied, 1t.e., 90 minutes. At 70° the beta-amylase 
was completely removed after 15 minutes’ treatment, while at 65° 
approximately 20 minutes were required for complete inactivation. 
At pH 3.3 and 0° the loss of dextrinizing or alpha-amylase activity was 
extremely rapid. The maximum effect was obtained usually in 5 min- 
utes. This treatment results in relatively little reduction of sacchari- 
fying power, most of this reduction apparently being due to loss of 
alpha-amylase. 

A highly significant correlation between starch-liquefying power 
and dextrinizing power was found, indicating that these two effects are 
probably produced by the same component of the diastatic system. 
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A NOMOGRAPH FOR CEREAL LABORATORIES 


T. S. LEARY! and F. F. FARLEY? 


(Received for publication July 15, 1942) 





A nomograph is presented for converting percentages of protein, 
ash, fat, and fiber in cereal products to a dry basis. The dotted 
lines in the illustration shows the use of the nomograph for a cereal 
product of 20% moisture. 





PERCENT ASH, FaT, OF FIBER, ORY Basis 
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PERCENT PROTEIN, ORF BASIS 


A straight edge is made to coincide with point A and the moisture 
content (e.g., at 20% moisture). A perpendicular to the straight 
edge, such as a 90° triangle, is moved along the straight edge until the 
perpendicular coincides with the known percentage of protein, ash, 
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fat or fiber which has been determined on a wet basis (e.g., 15% pro- 
tein). This value is located on line AB. With the perpendicular in 
this position the percentage of the desired constituent on a dry basis 
is read from the nomograph at the point where the perpendicular 
crosses line AC (e.g., 18.7 + percent protein on a dry basis). 

In practice a 20-by-20 inch nomograph is used. Values may be 
read to three significant figures with ease. 


BOOK REVIEW 


Natural and Synthetic High Polymers. By Kurt H. Meyer, translated by L. E. R. 
Picken, edited by H. Mark. xviii & 690 pp. Interscience Publishers Inc., 
215 Fourth Avenue, New York. Price $11.00. 


This is Volume IV in a series of excellent texts on high-polymer chemistry. 
Together with Volume II it comprises an English edition of Der Aufbau der hoch- 
polymeren organischen Naturstoffe. 

The beginning chapters are concerned with explanations of the terms polymers, 
molecular weight, valence, etc. Following this the methods of characterization of 
high-molecular-weight substances by modern techniques and the interpretation of 
results are summarized. These techniques include viscosity, electrophoresis, ultra- 
centrifuge, osmotic pressure, and the x-ray. 

The next section comprises an extensive discussion of various types of high- 
molecular-weight compounds, beginning with the simple inorganic polymers and 
proceeding to more complex types such as high-polymeric hydrocarbons and rubber, 
synthetic organic polymers containing esters, amides, ethers, etc. 

Carbohydrates are discussed extensively in the light of theories gleaned from 
study of the relatively simple synthetic polymer systems. Emphasis is given to 
constitution and structure, to the size, shape, and arrangement of the micelles, to 
chemical reactions, and to inter-reaction between chains. About 50 pages are de- 
voted to a corresponding discussion concerning starch grains and the starch molecule. 

Proteins, including enzymes and viruses, are reviewed in a section of about 150 
pages. Here again emphasis is upon the characterization of size, shape, and struc- 
ture, and upon the effects of these on physical properties. The rubbery state ex- 
hibited by certain proteins is described in relation to the earlier discussed elasticity 
and extensibility of rubber itself. Other properties which are analyzed are solubility 
in water and salt solutions, association, flocculation, hydration, and denaturation. 

Solubility is considered by the author as deserving a section in itself. Here the 
effects of specific groups, chain length, pH, salts, and crystallinity are described as 
factors affecting solution. Fractional precipitation and gelation aré described. .\ 
thermodynamic theory of solutions applied to high polymers is collected from the 
scattered literature and combined in the terminology of Lewis and Randall. 

Films, foils, and membranes, and the molecular structure of animal and plant 
tissues are discussed in the closing chapters. 

The author's approach to the chemistry of proteins and carbohydrates is unique, 
when compared with that of the usual texts on these subjects. It brings to the 
biochemist that fundamental physical chemistry which has been developed so suc- 
cessfully in the realm of synthetic polymers, and which is applicable to the more 
complex biological systems. In such a comprehensive treatise it has been impossible 
to cover any subject thoroughly; however, an abundance of references has been 
discriminately chosen for those wishing more details: This book is well written by 
an author who shows an intelligent and critical mastery of the source material. 


DANIEL W. ELAM, Western Regional Research Laboratory, 
U. S. Department of Agriculture, 
Albany, California 














PRECISION UNIFORMITY... 


Another Important 
Diamond Crystal Advantage 








For Goodness Sake, Specify 
DIAMOND CRYSTAL SALT! 


* To bring out the best in food products and to 
keep their quality always up to standard... be 
sure to specify Diamond Crystal, the salt that 
is regularly, scientifically tested for 








UNIFORM COLOR...PURITY... DRYNESS 
--- SOLUBILITY...PRECISION SCREENING... 
CLEANLINESS...CHARACTER OF FLAKE 


DIAMOND CRYSTAL SALT CO., INC. 
St. Clair, Michigan 








1) HIGH TEST PURITY 
{ ' 2) FREE-FLOWING QUALITIES 


(3) UNIFORM NEUTRALIZING 
STRENGTH 
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PHOSPHATE. (4) CORRECT GRANULATION 


“MOND CALCIUM PHOSPHATE ~ 


; ALS Ou, ¢ 
‘ A (5) BAKING LABORATORY 
os \ SERVICE 
NETI75 LBS. 


Monsanto Chemical Company 
St. Louis, U.S.A. 


New York + Chicago «+ Boston + Charlotte 
Birmingham + Detroit + San Francisco 





Dependable Shortenings 
for the Most Exacting Uses 


COVO “S.S.” is the specially hydrogenated shortening for 
biscuit and cracker bakers, potato chip fryers, makers of pre- 
pared flour mixes, and other food products in which extra 
keeping quality and shelf life are desirable. 

COVO is outstanding as an all-purpose shortening for 
cakes and icings, sweet yeast doughs, cookies, piecrust — and 
for frying. 

COVO Super-Mix is the emulsifier shortening for cakes, 
icings, and sweet doughs, to give extended freshness. 

COVO Shortenings are all-vegetable, all-hydrogenated, and 
made from the Cream Of Vegetable Oil. There are no finer 
shortenings made. 


LEVER BROTHERS COMPANY 


General Offices 7 Cambridge, Massachusetts 

















UNBIASED laboratory tests over a period of several 
years have conclusively proved that NATIONAL GRAIN 


YEAST is far superior in the matter of dough control. 


And it is because of this and other outstanding quali- 
ties that thousands of progressive bakers have come 
to regard NATIONAL GRAIN YEAST as a primary 


essential in the art of baking better bread. 


NATIONAL GRAIN YEAST CORPORATION 


Chanin Bidg., N. Y, C.* Chicago, II/.* Crystal Lake, III. Belleville, N. J 








You CAN DEPEND 
UPON THESE TOP-NOTCH 


SHORTENINGS . 





PRIMEX B&C 


An all-hydrogenated vegetable oil shortening ot 
exceptional stability. Excellent for all deep fry- 
ing purposes. Preferred by biscuit and cracker 
bakers, manufacturers of prepared biscuit, pie 
crust, and doughnut flours, and makers of other 
food products where rancidity troubles are to be 
avoided. 


SWEETEX 


The “High-Ratio” shortening. Especially de- 
signed to permit bakers to produce “High-Ratio” 
cakes, icings, and sweet yeast goods with superior 
eating and keeping qualities. 


PRIMEX 


The all-hydrogenated shortening “that sets the 
standard.” A quality shortening especially rec- 
ommended for doughnut frying, for pies, cook- 
ies and bread, and for other shortening purposes. 











PROCTER & 
GAMBLE 


Branches and warehouses 
in principal cities 


General offices - 
Cincinnati, Ohio 








TORRID, THE 
DESPATCH 
HEAT WIZARD 


Cereal Chemists Prefer 


DESPATCH LABORATORY OVENS 


Write for illus- 
trated bulletins 
describing Des- 
patch Labora- 
tory Ovens... 
Rotary Hearth 
Ovens. Many 
standard sizes. 
Prompt deliv- 
ery on high- 
rated orders. 


Smooth, even heat—exactly at the tempera- 
ture desired—is one of the many features of 
Despatch Laboratory Ovens which has won them 
a place in nearly all major cereal laboratories. 


This uniformity and accurate control, com- 
bined with speedy processing and wide flexibility, 
assures utmost dependability for all laboratory 
uses. Ruggedly built and well-insulated, using 
long-life heat elements, these ovens will oper- 
ate for years without requiring the slightest 
attention. 


For completely accurate test-data under all 
conditions of use, try one of these Despatch 
ovens. 


DESPATCH 


OVEN COMPANY sMiNNEAPOLIS 











If you're looking for a rapid, but 


thoroughly scientific, method of 
controlling flour maturity, it will 
pay you to give Agene a trial. 
Agene assures finer texture and a 


more favorable “first impression”. 
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WALLACE & TIERNAN’ CO., INC., Agents for: 


NOVADEL-AGENE 


BELLEVILLE, NEW JERSEY 








